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RADIATIVE TRANSFER MODELING APPLIED TO 
SEA WATER CONSTITUENT DETERMINATION 


By Kenneth H, Fallen 
National Space Technology Laboratories 
Earth Resources Laboratory 


INTRODUCTION 


Electromagnetic radiation from the sea contains information about some of the sea- 
water constituents. In the microwave region of the spectrum the emissivity of the sea 
surface is determined partially by its conductivity; consequently, the microwave radia- 
tion emitted by the sea can be used to infer its salinity. Infrared radiation emitted by 
the sea is proportional to the surface water thermodynamic temperature. Optical radi- 
ation from the sea is influenced by pigments dissolved in the water and contained in dis- 
crete organisms suspended in the sea. It is influenced by both pigmented a nd unpigmented 
particles, whether organic or inorganic. 

This report addresses the problem of extracting the information concerning these 
pigments and particulates from the optical properties of the sea, the properties which' 
determine characteristics of the light that a remote sensor will detect and measure. 

The ultimate goal of this research is to determine the constituents of sea water from 
remotely measured spectra of upwelling light. It is a part of the overall NASA Earth 
Resources Laboratory*s objective to develop techniques for remotely sensing informa- 
tion that is useful in the management of natural resources. 

Two basic phenomena determine the optical properties of the sea; absorption and 
scattering. Dissolved pigments of both terrestrial or marine origin selectively absorb 
light as a function of wavelength, as does pure water itself. Interpretation of the absor- 
bance of sea water is complicated by the presence of many compounds that absorb light 
in the visible region of the spectrum. Most particles in the sea scatter light in a m ann er 
which is not strongly affected by wavelength, although scattering from pigmented parti- 
cles, such as phytoplankton, does exhibit significant wavelength dependence. The scat- 
tering effect of sea water is determined by the distribution of sizes and refractive 
indicies of the particles as well as the absorption spectra of pigments they contain. 
Because of the many variables involved, exact analytical results are highly unlikely. 
However, through the judicious application of physical approximations and statistical 
modeling, it is possible to develop a good description of the constituents of sea water 
from its optical properties. 



This document is a progress report documenting the status of research at the NASA 
National Space Technology Laboratories, Earth Resources Laboratory (ERL). 


THEORY 


Radiative Transfer 


'The spectrum of upwelling radiance from the sea surface may be related to the inei- 
denfe ra^atioa through exact radiative transfer theory or one of several approximations 
fait. The approach taken is to adapt the quasi- single scattering approximation proposed 
by Gqc&ihl and developed by McCluney (1974), 

light entering the sea undergoes reflection and refraction as described by Fresnel's 
equatitafiis. For t^ghfc incident at an angle 0^ (relative to the surface normal), these may 
be cast into the following forms; 
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The. aobscrints r and 1 represent, respectively, polarization perpendicular and 
paaidiL'ei to- the scattering plane. These relations apply to a flat surface element, and, 
fear tha present aaaalysfs, 16 is assumed that the entire sea surface is flat, 

TfieligJiftreacMng depth z with the same directional properties as the incident radi- 
afiltoated by absorption and scattering. Because the natural systems to which 
the.-ajia%^sxs'. to be applied are characterized by strong forward scattering, the author 
adapted' for this work the quasi-single scatteiing approximation, which considers light 
ffisattered. in the forward hemisphere to be scattered at 0®; i.e. , in the exact direction of 
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original propagation. Thus, the attenuation of downwelling light by the scattering pro- 
cess is represented by the factor exp[-kzsec0] where 0 is the angle between the incident ' 
radiation within the medium and the vertical and 




■'abs 


f ^ 3(x)sin T dT d(|) 

0 J tt/2 
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Here, p (t) is the volume scattering function of the medium and is the total absorp- 
tion cross section. Both terms include the effects of pure water itself plus the effects 
of suspended particles; the latter term also includes the effects of pigments in solution. 

The present analysis neglects light reaching the sea surface from the shy and con- 
siders only direct sunlight. The sunlight is essentially plane-parallel unpolarized 
irradiance, E^, The radiant intensity scattered upward from a volume element dv at 
depth z and measured just beneath the surface is 


dH+(6',(l)’) = Eojr^B^Cx) + 

exp ^-(sec 6 + sec 0’) J C(z’)dz* 


( 3 ) 


cos 0 sin 0 d0 d<j) 


where 0 ' is the angle between direction of propagation of the scattered light relative to 
the vertical, 0’ is the angle between this direction and the plane defined by the sun, the 
volume element and the vertical, and , 

cos T = COS 0 cos 6’ + sin sin <f)’sin 0 sin 0’ + cos (j) cos 4>^sin 0 sin 0’ (4) 
For an infinitely deep sea, equation (3) may be integrated over depth to give 

dN+(e',(j>') = EoW C(sec 9 I sec + T^3^(x) cos 0 sin 0 d0 d<j) (5) 

Where N"*'is the radiance scattered along the ray defined by 0’, 4’’ from the water column. 
After an additional transmission through the sea-air interface and transmission through 
the atmosphere, it is this radiance that is measured by a remote sensor. 


Absorption 


This analysis is based, on the assumption that the total absorption cross section, 
Cabs> is the sum of three elements; the actual absorption of light by pigments contain- 
ed in suspended particles, absorption by pigments dissolved in the water, and 
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absorption by pure water. The first element is an intrinsic part of the scattering phe- 
nomenon and will be discussed later under scattering. Dissolved pigments, generally 
classed as Gelbstoff, absorb according to Beer's law, so that the product of the specif- 
ic absoibance and concentration of each individual compound at each wavelength may 
be summed to give the absorbance of the collection of compounds at that wavelength. 
These materials have terrestrial and marine sources, and may be decay products of 
pigments contained by once living plants or excreted by living phytoplankton. 


Scattering 


The volume scattering function, (5 , of the bulk medium is the sum of the volume 
scattering function of pure sea water, and the scattering by each of the individual parti- 
cles suspended therein. It is a function of the number of particles, the size of the 
particles, the index of refraction of the particles relative to the medium, the internal 
structure of the particles if they are non- homogeneous, and the pigmentation of the 
particles. Adopted here is the assumption that the particles in the sea can be grouped 
into discrete classes with each class having a representative refractive index, size dis- 
tribution, internal structure and pigmentation, as has been assumed by Zaneveld et al. 
(1974). So that the individual particle scattering properties can be computed using Mie 
scattering theory, the author further assumes that all the particles are spherical. Al- 
though this assumption undoubtedly introduces error, without it the problem is virtually 
unworkable. The volume scattering function for scattering at angle t may then be writ- 
ten as 


P(t) = SM.S f.(d.)e...(T) + 6 (T)^ 

j J ^ J ^ ^ J 

where M is the concentration of particles of type j, is the normalized size distri- 

bution of type j, andpj_j(T) is the individual particle scattering function for type j, 
diameter dj, and angle t as computed according to Mie theory. Further, P^(t) is the 
Eayleigh scattering from the pure water computed according to Morel (1974). 

Mie scattering theory as described by Van de Hulst (1957) is directly applicable to 
the computation of scattering by homogeneous spheres. This theory has been extended 
by Kerker (1969) to apply to scattering by non-homogeneous spheres composed of con- 
centric spherical shells, and, in this expanded form, it has been applied by Mueller 
(1973) to compute the scattering properties of a hypothetical spherical diatom composed 
of three layers; the innermost being the unpigmented vacuole, the intermediate shell 
being a pigment -bearing pseudochloroplast, and the outer shell being the unpigmented 
frustule. The absorption spectrum of the pigment enters into the scattering by introduc- 
ing a -non-zero imaginary component of the index of refraction which appears explicitly 
in the Mie computation, and causes pigment-bearing particles to have a non-zero ab- 
sorption cross section. Attenuation by unpigmented particles is restricted to scattering. 
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while pigmented particles absorb some energy and thus attenuate by both scattering and 
absorption mechanisms. 


EXPERIMENTAL DESIGN 


Experimental work was planned to provide the basic data required by the theory 
previously outlined relating the constituents of sea water to the spectrum of light up- 
welling in the sea and then to test it. The first element of the theory to be tested was 
the synthesis of the bulk scattering from five classes of hypothetical particles. Addi- 
tional research was being conducted to isolate the dissolved organic pigments found in 
the coastal waters of the northern Gulf of Mexico so their specific absorption spectra 
could be determined for inclusion in the radiative transfer model, but these data were 
not available at the time of this writing. A preliminary absorption spectrum was devel- 
oped from organic material extracted from sea water and used initially in the radiative 
transfer model. The radiative transfer model was tested with measurements of the 
upwelling light spectrum made by Earth Resources Laboratory (ERL) using the prelim- 
inary data and using the absorption spectrum of one sample of filtered sea water rela- 
tive to distilled water. 


Dissolved Pigment Analysis 


Three different approaches- have been taken to isolate the dissolved organic compo- 
nents of sea water. The first is the extraction technique using organic solvents as 
described by Copin and Barbier (1971), and the second is an absorption technique utiliz- 
ing reverse phase high-pressure liquid chromatography (HPLC). The third approach 
was to precipitate most of the organic material of interest by addition of methanol, then 
to apply the HPLC analysis. 

Sea water samples were collected for the analysis of dissolved organic substances 
at sampling stations located in the northern Gulf of Mexico and its coastal environs as 
indicated in Table I, The water samples were filtered with a 0.4-|im filter immediately 
after collection. The samples were stored in glass bottles under refrigeration. All 
glassware was scrupulously cleaned before use to minimize contamination. 

To perform the extraction, the sea water was acidified to pH 2 with concentrated 
hydrochloric acid. Pesticide analysis grade ethyl acetate was then added in the pro- 
portions of 500 ml per liter of sea water and agitated for 15 minutes. After separation, 
the ethyl acetate was evaporated in a flash distillation apparatus which included a liquid- 
nitrogen cooled trap where the solvent was recovered. The organic material remaining 
after evaporation of the solvent was redissolved in ethyl acetate to separate it from the 
inorganic salts. The solvent was again evaporated in a’tared flask, and the mass of 
organic material extracted from the sea water was then determined. 
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TABLE I. EXPERIMENT DATA SAMPLING STATIONS 

Data 



Latitude, 

Longitude, 


Acquisition 



Station. 

■ North 

West 

Radiance 

Scattering 

Supporting 

Gelbstoff 

1 

30°12.7» 

89*01.5' 


X 

X 


Z 

29“58.5' 

88*38.5' 

X 

X 

X 


5 

29*53.0' 

88*32.5' 

X 

X 

X 


4 

30*13. 5« 

88*32.5' 

X 

X 

X 

X 

5 

29*54. 5» 

88'32.0' 

X 

X 

X 

X 

7 

30*19.7' 

87*10.2' 

X 

X 

X 

X- 

8 

30*19. 7' 

87*10.2' 

X 

X 

X 


d 

30*00.5* 

86*57.7' 

X 

X 

X 

X 

10 

30*11.2' 

89*09.5' 

X 

X 

X 


11 

30*11.2* 

89*09,5' 

X 

X 

X 

X 

12 

29*59.0' 

88*43.7' 

X 

X 

X 

X 

13 

29*56. 5* 

88*24.2’ 

X 

X 

X 

X 

20 

28*49.3' 

89*33.0' 

X 


X 


21 

29*01.6* 

89*42.6' 

X 


X 


33 

28*39.0' 

83*05.0' 

(l)b 

X 

■{3)d 


34 

29*38.0' 

84*01.0' 

(1) 

X 

( 3 ) 


35 

30*08.0’ 

88*16.0' 

(1) 

X 

( 3 ) 


37 

28*42.0' 

89*50.0' 

(1) 

X 

(3) 


41 

30*05. O' 

88*42.2' 

X 

X 

X 

X 

42 

30*12.7' 

89*01.5' 

X 

X 

X 

X 

43 

30*12. 5' 

87*31.2' 

X 

X 

X 

X 

44 

29*57.5' 

87*16.2' 

X 

X 

X 

X 

45 

30*19.7' 

87*10. 2' 

X 

X 

X 

X 

51 

27*20.0' 

92*22. 0' 

(2)° 

X 

(4)® 


52 

28*49.0' 

94*45. 0* 

(2) 

X 

( 4 ) 


53 

27*39. 9' 

96*29.6' 

(2) 

X 

(4) 


54 

28*50.4' 

89*29.4' 

(2) 

X 

( 4 ) 


55 

29*58.1' 

88*01.1' 

(2) 

X 

( 4 ) 


56 

28*29.0' 

90*18. 5' 

(2) 

X 

(4) 


57 

27*51.0' 

92*55. 4' 

(2) 

X 

( 4 ) 


58 

28*25.0' 

95*55,9' - 

(2) 

X 

( 4 ) 


59 

29*35,6' 

93*51.0' 

(2) 

X 

( 4 ) 


60 

29*41.1' 

93*23.2' 


X 

( 4 ) 


61 

29*13.0' 

92*24. 0’ 


X 

( 4 ) 


62 

28*46.2' 

92*16.7' 


X 

( 4 ) 



LEGEND; 

a. X =ERL 

b. (1) = Scripps Visibility Lab, Researcher cruise 
o. <2) = Scripps Visibility Lab, Gyre cruise 

d. <3) = NOAA/AOML and Bigelow Labs 

e, <4) = ERL, Texas A&M, Bigelow Labs 
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Portions of the organic material extracted from the sea water were subjected to 
thin layer plate and gravity flow liquid partition chromatography. Additional high pres- 
sure liquid chromatographic separations were performed on some of the extracts. The 
column used was the BONDAPAK Cig from Waters Associates, Inc. and was operated 
at pressures from 40t) to 1000 psi. The nominal plate count for this reverse phase col- 
umn is 2700. Solvent systems used were 100% methanol; 90% methanol, 10% water; and 
80% methanol, 20% water. Three detectors were used after the column; a universal 
refractive index meter and absorption detectors at 254 and 365 nm. 

The same column was used to extract the organic substances directly from the sea 
water. For this isolation procedure, the sea water was filtered with a 0. 3-[im glass 
filter and 200 ml was passed through the column at about 900 psi. The water leaving 
the column was collected in 10 ml aliquots for which visible/ultraviolet spectra were 
recorded on a Gary-17 spectrometer. After the sea water had been passed through the 
column, 300 ml distilled water was used to wash inorganic salts from the column. The 
organic material which had been absorbed on the column was finally eluted with ethanol 
or methanol; the solvent was collected in 5 to 10 ml aliquots and analyzed spectrophoto- 
metrically. The column was then cleaned with tetrahydrofuran, methanol and distilled 
water before further use. Because some of the results were very perplexing and it 
appeared that some contamination of the column might be interfering with the analysis, 
a special cleaning procedure specified by the column manufacturer was carried out. 

This procedure consisted of successively pumping 100 ml distilled water, 300 ml meth- 
anol, 100 ml dimethylformamide, 300 ml methanol and 100 ml distilled water through 
the column. Sea water was again processed after the cleaning and the organics eluted. 
The eluted materials were chromatographed on the same column with a solvent of 80% 
methanol, 20% water. Analysis is continuing to separate and isolate the pigments from 
these fractions. 

The third approach to separating the organic solutes from the sea water was to 
cause them to precipitate by the addition of an alcohol. Prior to injection of a sea water 
sample on the column with a methanol/water solvent, a small sample was tested to 
determine whether inorganic salts would be precipitated on the column. Such an occur- 
rence would very likely damage the column. It was found that some carbonates and a 
large portion of the organics were precipitated. Sea water samples were then mixed 
with two parts methanol for each part sea water and filtered. Visible and ultraviolet 
absorption spectra were recorded before and after precipitation. Because organic 
material was being removed from the solution, further analysis was performed on the 
precipitate. Ethanol was also found to cause the formation of a precipitate, but not as 
much as caused by the methanol. 

The sea water samples that had been treated with methanol were injected on the 
reverse phase column after filtration. Both 365- and 254-nm detectors were used. The 
solvent system was 8:2 methanol/water. 
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Scattering Analysis 


Samples were taken at various stations in the coastal waters of Louisiana, 
Mississippi and Florida as indicated in Table I. The samples were analyzed with a 
slightly modified Bryce-Phoenix light scattering photometer to measure the light scat- 
tered at 10“ intervals from 20“ to 130“. The sample was illuminated by light from a 
mercury lamp with emission lines at 436, 546, and 578 nm selected by appropriate fil- 
ters. The illumination was polarized either parallel (1) or perpendicular (r) to the 
scattering plane. The instrument had been calibrated using suspensions of polystyrene 
or polyvinyl toluene spheres of known radius, for which the volume scattering functions 
had been calculated using Mie scattering theory. The sea water samples were analyzed 
with a Coulter counter to determine the particle size distribution and concentration. 
Also, 50 um and 200 urn aperture tubes were used for some of the samples, and 15 
70 iim, and 200 |im aperture tubes were used for later samples. Concentrations of pig- 
ments were also determined. 


A scattering model based on equation (6) was developed. Five classes of particles 
were included, four of which are homogeneous and have refractive indices of 1.05, 

1 075 1 15 and 1. 20 (relative to water) and a fifth particle that corresponds to Mueller s 
(1973)’ hypothetical three-layered diatom. The first two classes of particles are 
organic, having indices of refraction relative to air of 1.40 and 1.44. They correspon 
to bacteria and fragments of micro- and macro-plants. The second two are inorganic 
and have Indices of refraction relative to air of 1. 54 and 1. 60. The most common 
minerals, including silica and alumina, have refractive indices near 1. 54, while others, 
such as montmorillonite, have indices near 1. 60. The vacuole of the diatom was 
assigned a refractive index of 1. 05 (relative to water) and the frustule was assigned 
1.064, based on data published in Lewin (1962). The problem of assigning a refractive 
index to the pseudochloroplast is compounded by the fact that the index is a complex 
number, the imaginary part of which varies greatly with wavelength. Mueller used 
published estimates of the concentration of chlorophyll-a and -o, carotenoids, an 
xanthophylls with their specific absorption spectra as determined in vitro. For this 
model, in-vivo absorption measurements on cultures of several different diatoms 
(Farmer 1977)* were used with the Mie scattering computation to determine, through 
an iterative least-squares error analysis, the wavelength-dependent values of the imag- 
nary part of the refractive index, with the real part assumed to be 1.05, Farmer mea- 
sured the absorbtivity of cultures of various types of phytoplankton using a Cary 
spectrometer with a diffuser placed behind the sample cells of both the reference and 
sample beams. He therefore collected light that had been scattered in the forward 


^Farmer, Frank. Personal Communication 
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directioa and measured as absorbance only the true absorbance and backscatterance. 

The radiative transfer equation can be adapted to compute the absorbtivity of the cell as 

m 

A = P - PIT V p^(0) + e^(0) sin 0 d6 

where A = In T, T is the transmissivity of the culture in reciprocal meters, P is the 
concentration of phytoplankton in cells/m^, and pj, are the scattering functions for 
the individual cells computed using the three-layered spherical model and extended Mie 
scattering theory and a is the maximum angle for which scattered light is collected by 
the diffuser. Computing the chlorophyll-a content of the individual cell from the result- 
ing refractive index yielded a value of 2 x 10“^® mg/cell, a value considerably less than 
1 to 50 X 10“9 expected for oceanic areas. The imaginary part of the refractive index 
of the pseudochloroplast was scaled to match Mueller's model at the long wavelength 
chlorophyll-a absorption peak (although it occurs at 667. 5 nm in his data and 680 nm in 
Farmer's) and at 600 nm. This gives a chlorophyll-a content of 10"^ mg/cell. Table n 
lists the imaginary part of the refractive index of the pseudochloroplast at 20-nm inter- 
vals from 380 to 700 nm. 

Individual scattering functions were computed at 1“ intervals for each of the homo- 
geneous particle types for radii ranging from 0, 025 pm to 56, 750 pm, and for diatoms 
having radii ranging from 2 to 18.375 pm. Absorption cross sections were also com- 
puted for the diatoms. Computations were made at wavelengths from 380 nm to 700 nm 
at 200-nm intervals. When data were required at other wavelengths, linear interpola- 
tion was used. Two different size distribution forms are used. The distribution of the 
inorganics is assumed to be hyperbolic, as suggested by Bader (1970) for the entire 
family of marine particles. This distribution is expressed by the relation dP = P”^dD, 
where P is the population and D is the diameter. Because of the physical processes 
involved in the determination of particle size, the nature of the organic detrital material, 
and the fact that living organisms such as bacteria contribute to the number of organic 
particles, a peaked size distribution was selected for the unpigmented organic particles 
and the phytoplankton, Diermendjian (1969) suggests a modified gamma distribution of 
the form dP = b^D®' exp(-b 2 D), where 



and D]y[ is the mode diameter. 
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TABLE n. PSEUDO CHLOEOPLAST PROPERTIES 


Wavelei^th., 

nm 


Imaginary part of 
refractive index 


380 

400 

420 

440 

460 

480 

500 

520 

540 

560 

580 

600 

620 

640 

660 

680 

700 


0. 02748 
0. 02950 
0.03494' 
0. 04162 
0.03903 
0. 03209 
0. 02938 
0. 02222 
Oe 01785 
0. 01223 
0. 007777 
0.006700 
0, 007256 
0. 007867 
0.01159 
0, 04100 
0.009768 



A computer program was written that relates the measured volume scattering func- 
tion of sea water samples to the individual particle scattering through the scattering 
model. This program performs a least-squares error analysis to determine a series 
of parameters that define the population and size distribution of the model particles that 
give the best fit of the computed volume scattering function to the actual measurements. 
The technique is a combination of an algorithm that linearizes the fitting function and a 
gradient search algorithm. The former algorithm gives a rapid convergence to the 
solution from points already nearby, whereas the latter algorithm is ideally suited for 
approaching a minimum error from far away. The algorithm as described by Bevington 
(1969) was implemented for interactive use on the Univac 1108 Demand Terminal System 
of the Marshall Space Flight Center at the Slidell Computer Complex. 

In-situ volume scattering measurements published by Kullenberg (1968) were 
analyzed using this technique. The beta-meter measurements made in the Sargasso Sea 
were the first processed. After completing analysis of these data, in-vitro measure- 
ments made by EEL were processed. These data represent a wide variety of marine 
conditions in the Gulf of Mexico, from the clear blue water offshore to the turbid waters 
of coastal estuaries. 


Upwellii^ Light Spectrum 


A modified United Detector Technology spectroradio meter was used to measure 
the spectrum of upwelling and downwelling radiation in the water column. It was con- 
figured to measure upwelling radiance from a solid angle of approximately 0. 154 ster- 
adians and downwelling irradiance from the entire hemisphere using a cosine collector. 
Data were collected at the locations listed in Table I, coordinated with the other samp- 
ling efforts. The spectra were measured just beneath the surface, at 1/3, 2/3 and 1 
secchi depth continuously for 1 minute and then averaged. The radiance or irradiance 
values differing from the mean at each wavelength by more than two standard deviations 
were discarded to eliminate problems resulting from focusing by waves, a phenomenon 
that could distort the shape of the spectra. The calibrated data were sampled at 20-nm 
intervals and entered into a data base of spectra. 


The radiative transfer model was implemented on a Univac 1108 computer. Equa- 
tion (3) was integrated, yielding 


,?/2 , 27 T 




R(&') 
R 


+ T^3^(x) 


( 6 ) 


cos 9' sin 6* d <j)' d 8’ -I- 11^(2 - AZ) exp(— C AZ) 
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where 



1 - exp [-(sec 6 + 1)C Az] 
C(sec 0+1) 


R = 



2ir 

R(n) 

o 


sin ri cos ri d(j) dr) 


1 


C = YG + C + C 
s w 


and Cs is the absorbance and baekseattering of particulates, y G are, respectively, 
the specific absorbance and concentration of Gelbstoffe, and Cw is the absorbance of 
pure water as published by Morel and Prieur (1977), Further, R is the responsivity of 
the instrument as a function of zenith angle, and the other terms are as defined earlier. 
The refractive index of the medium does not appear because all of the radiometer optics 
are behind a glass flat in air, so the radiance measurement is in air. The field of view 
is, however, corrected for the change of refraction index. 

The radiative transfer equation was formulated in terms of the same particle size 
distribution functions and individual particle scattering properties used in the volume 
scattering function analysis, with the additional Gelbstoffe concentration for use in a 
least-square error analysis of upwelling radiance. The computer program was written 
in such a manner that upwelling radiance was assumed to originate in a uniform infinite- 
ly deep sea or from a finite uniform layer. For the latter case, the program subtracts 
from the measurement of upwelling radiance at the top of the layer the upwelling radi- 
ance measured at the bottom of the layer, corrected for attenuation using Beer*s law, 
and the diffuse attenuation coefficient computed from the quasi-single scattering approx- 
imation. The program computes the distribution parameters and concentrations for 
each of the five particle types and the concentration of Gelbstoffe that results in the best 
match between the computed and measured upwelling light spectra. Because good values 
for the specific absorbance of Gelbstoffe were not available, most of the spectral anal- 
yses were performed with the absorbance of the filtered sea water from the surface at 
Station 12, Therefore, the concentrations of Gelbstoffe reported in the results section 
of this report are, in fact, the concentration relative to Station 12. This assumes that 
the absorption spectrum is uniform, although it is quite possible that the continuing 
analysis of the dissolved organics will reveal multiple pigments (with different absorp- 
tion spectra) appearing in varying proportions. 


RESULTS 


Absorption 


The concentration of organic matter in the various sea water samples which were 
extracted with ethyl acetate ranged from 0.33 to 2.35 mg/1, assuming constant extrac- 
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tion efficieniey. The lowest values were found in the offshore waters of the Gulf of 
Mexico while the higher concentrations were' found in the Mississippi Sound. The ab- 
sorption spectra of the extracts were all very similar, with exponentially increasing 
absorption at shorter wavelengths. Absorption is negligible from 700 to about 580 nm, 
at which point it begins to rise exponentially to 360 nm, the limit of analysis performed 
on most samples. Only one peak was observed in the visible absorption spectrum of any 
of the samples; and that sample is believed to have been contaminated. 

It appears that an important component is being lost during the process of evaporat- 
ing the solvent used to extract the organics. The solvent collected in the cold trap was 
consistently colored yellow; however, it has not been determined whether the colored 
compounds were contamination from the evaporator system or were actually being evap- 
orated from the extract, although extensive cleaning of the system did not eliminate the 
substance. 

Thin-layer chromatography was used for preliminary analysis of the extract. The 
best separations on thin-layer plates were achieved with silica gel having no fluorescent 
indicator and near neutral pH. With a 6:2:1 butanol/acetic-aeid/water solvent system, 
three spots were resolved over a continuous streak of material. With a 7:3 acetone/ 
water solvent,, three distinct spots were found. Good separations were also obtained 
with silicic acid instant thin-layer medium. The silicic acid is embeded in a fibrous 
glass support with no binders. Three or four spots were formed by developing with 
pure ethanol, 1:1 chloroform/methanol and 9:1 acetone/water. In general, it appeared 
that there were four classes of compounds, all of which were basic or neutral.' Although 
it appears that there are some nonpolar components, the greatest portion having visible 
absorption is polar. 

The results' of the liquid partition chromatography were negative, in that it was 
impossible, to clearly separate the components which absorbed in the visible portion of 
the spectrum. Using a solvent system of 9:1 acetone/water, there was virtually no 
movement of the sample on the column, but when the solvent was chained to 8:2 acetone/ 
water, the sample appeared to separate into two components. After most of the sample 
was taken off the column, the absorbance of the material being eluted began to increase, 
but no distinct band of material could be identified. Serious trailing of the sample on 
the column thus prevented a clear separation of visible absorbing components. This is 
consistent with the report by Copin et al, (1971) that with various absorbants and solvent 
systems, he found only smears on the thin layer plates when working with the pigment 
found dissolved in the sea water. 

The high-pressure liquid chromatographic technique offered more promising results. 
The detector, operating at 254 nm, indicated that as many as 24 components may be 
separated from the extract. One particular sample had 20 components indicated by the 
254-nm detector, but only three or possibly four indicated by the 365-nm detector. The 
refractive index indicator consistently showed two or three components. 
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Because the visible absorption of the extract appears to be the result of the fringe 
of ultraviolet absorption bands, the detector operating at 365 nm, which is very close to 
the visible, will indicate the compounds of greatest interest to this investigation. With 
strong absorption at 365 mn, a compound would probably have some absorption in the 
visible portion of the spectrum. The 365-nm detector indicates that trailing is present 
even with this high-pressure reverse-phase chromatographic technique. It does appear, 
however, that these components, which are the tine yellow substances, may be sepa- 
rated from most of the non-pigment components using this technique. 

Separations performed on extracts from four samples were very consistent. Based 
on retention time, six components common to ail four samples were identified. The 
relative proportions of these components appear to vary significantly from sample to 
sample and they may not be pure compounds, but groups of closely related substances. 

The separations performed on the sea water itself showed two clearly defined but 
not totally resolved components followed by a trail similar to that observed with the 
extract at 365 nm. The sample had components that were detected by the 365-nm detec- 
tor at 4. 9 and 5. 1 minutes, whereas the extract had one or more components at about 
3, 8 minutes and at 5. 0 minutes. The later component was not completely resolved from 
the former and may have been composed of two substances, and the retention time by 
the column for the two samples are within the accuracy of the experiment. Thus, one 
may conclude that one of the components which contributes to the visible absorption of 
the sea water was not precipitated (the 5-minute component), while the extract contained 
an additional component, apparently in significant concentration, that was removed from 
the sea water by the precipitation. 


Scattering 


The results of selected analyses of the volume scattering function measurements are 
presented in graphical form in Appendix A. These graphs show the measured volume 
scattering function as points and the best-fit predicted theoretical scattering function as 
continuous'lines. Both polarizations are shown on the same graph for the samples pro- 
cessed at ERL, whereas only the unpolarized measurements were available for the 
Sargasso Sea data taken from the literature and hence only unpolarized data are shown. 

In general, the agreement between the best-fit model prediction and the measure- 
ments is quite good. The prediction for the Sargasso Sea data is within the experimental 
error for the measurements, and the predictions for the data taken by ERL are generally 
near the estimated experimental error. The predicted curves for some data sets are 
not as smooth and regular as the measurements, indicating that, although the error in 
the fitting is not great, there is a basic discrepancy in the analysis. The analyses of 
Stations 43 and 44 are good examples of this problem. The greatest difficulty, in the 
curve fitting process seems to be in matching the computed curve with the measure- 
ments at angles greater than 110® (in the backscattering direction). It appears that the 


14 



irregularities in the shapes of the computed curves arise from attempting to match the 
backscattering curves, as much greater regularity results from discounting the error 
due to the backscattering points. It should be observed that some irregularities do 
appear in the measurements themselves. For example, the Station 9 data have a local 
maximum at about 100®, a maximum that is matched in the predicted curve. This can 
also be noted in the data from Station 13. 

The true test of the analysis is the comparison of the predicted particle size distri- 
butions with those measured with the Coulter counter. Appendix B contains the graphical 
comparisons between the Coulter counter measurements (the points) and the predicted 
distributions (the continuous lines). It can be seen that some show excellent agreement 
over many orders of magnitude while others are not very good. 

The inconsistency results, it is believed, from the fact that it is very difficult to 
identify the true minimum in the error fiinction defined by the deviation between the pre- 
diction and the measurements of the volume scattering function and to distir^ish it from 
the many local minima that exist in the error function. The computer program requires 
a first estimate of the concentrations of each particle type and their distribution para- 
meters. A good estimate results in rapid convergence to the minimum, whereas a poor 
estimate leaves the analysis wandering among local minima in the error function. 
Experience in working with the data results in improved estimation of the starting 
values, but with the work reported here being completed on a tightly limited schedule, 
full advantage could not be taken of this learning process. Experimentation with various 
combinations of starting parameters could not be extensive, and similar starting values, 
with few exceptions, were used for all samples processed. This undoubtedly biased the 
analysis results, preventing the computer program from finding the truly optimum dis- 
tributions. 

Another factor that must be considered in explaining the error is the limitation of 
the theoretical scattering calculations to spherical particles of only five refractive 
indices. Simulation of scattering by distributions of particles of varying refractive 
index showed that features such as a local maximum in the backcattering direction 
shifted as the refractive index changed. Failure to match perfectly this feature in the 
Station 9 data probably results from a slight mismatch in the predicted and actual index 
of refraction of the dominant particle types. The less -than- desirable match between 
prediction and measurement at angles greater than 110® may result from the require- 
ment for the initial calculations of individual particle scattering properties that all 
particles be spherical. 


Upwelling Spectrum 


The results of the least-squares-error analysis of the radiative transfer model with 
the measurements of upwelling light spectra are presented in graphical form in Appendix 
0. Agreement in general is quite good, with the predicted maximum usually falling at. 
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the same wavelength as the measured maximum. Prediction and measurement are 
closest in the range of 460 to 640 nm, probably the most important range for remote 
sensing applications. 

Problems occur in the short wavelength region of the spectrum, below 460, and 
between 660 and 680 nm. It is believed the former problem results from not having ’the 
proper absorption spectrum for the dissolved organic pigments. This hypothesis could 
be tested when the final result of the Gelbstoffe analysis is available. The second prob- 
lem, in the red region of the spectrum, is apparent only in some very clear water data 
sets. It appears that fluorescence of chlorophyll in the suspended phytoplankton causes 
shorter wavelength radiation to be converted to the long wavelength radiation. This is 
most obvious at Station 9, where the transmissivity at 436 nm was 95% per meter and 
the Secchi extinction depth was 26 meters. The radiative transfer model as implement- 
ed does not include fluorescence, but could be easily modified to incorporate the effects 
of chlorophyll fluorescence if the requisite efficiency factors were available, 

A further problem is evident when the theoretical diffuse attenuation coefficient is 
plotted as a function of wavelength with the experimental values determined from the 
downwelling irradiance spectra measured at sea (Appendix D), Although agreement is 
good on some measurements, the theoretical attenuation curve is higher than the mea- 
sured curve. This is consistent with the comparison of the predicted particle size dis- 
tributions with the Coulter counter measurements (Appendix E). The predicted curves 
are generally an order of magnitude higher than the measurements. The problem may 
be related to the problem noted with the agreement between the predicted and measured 
volume scattering functions in the backward direction. In the discussion of the scatter- 
ing analysis, it was noted that the predicted curve was lower than the measurements at 
120° and beyond. With the upwelling radiance originating in backs cattering, underesti- 
mation of individual particle backs cattering would require an overestimation of the 
particle concentration. This, in turn, would explain the Increased attenuation across 
the spectrum and the disagreement with the Coulter counter measurements. 

Another factor that should be considered is the time that elapsed between the in-situ 
spectral measurements and the Coulter counter measurements that were made in the 
laboratory days after the sample collection. It is commonly agreed that the particle 
size distribution is seriously affected by the sampling process and by storage. 

It should be noted here that only a very limited period of time was available for 
working with the radiative transfer model after the computer program appeared to 
begin functioning. During that time, several errors were found in the implementation 
of the model. It is therefore possible that computer programming errors may still 
exist In the software and therefore the results of the data analyses may not-yet repre- 
sent a true demonstration of the theoretical model. 
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CONCLUSION 


The results of the application, of the volume scattering function model to the data 
collected in the Gulf of Mexico and its environs indicate that one can reasonably predict 
the size distribution of the concentrations of particles found in the sea from measure- 
ments of the volume scattering function. Furthermore,- with the volume scattering func- 
tion model and knowledge of the absorption spectra of dissolved pigments,- the radiative 
transfer model can compute a distribution of particle sizes and indices of refraction and 
concentration of dissolved pigments that give an upwelling light spectrum that closely 
matches measurements of that spectrum at sea. There appears to be a systematic 
deviation between the concentration of particles required to give the model predicted 
spectrum and the concentration actually measured from samples taken at the location 
and time of the spectral measurements. However, because the error appears system- 
atic, the model calculations could be calibrated to permit accurate computation of the 
sea water constituents from the upwelling light spectrum. 


National Space Technology Laboratories 

National Aeronautics and Space Administration 

NSTL Station, Mississippi 39529 November 13, 1979 
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J. 069X10"®’ 

,3,651X10“' 


D.BO 

1 .50 

16.13 


6.00 

6.00 

6.00 

e,7G 

6.00 0.25 

O.HO 

0.70 


STATION, il3 DEPTH 7 METERS 




J 



ANCLE (DEG) 


MAVElENCTH M3S NH 
CHI SQUARE «G. 57X10'®' 


POPaATION 
HCOE DIAH 
Alpha 
OAHHA 

L 


INORCN I 
7.1N4XI0’®' 

£.76 


INORCN £ 

a.aaoxio*®'' 


6.00 


PL FRD I 
3.356X10'°' 

o.ao 

6.00 

o.as 


PL FRO a 
9.633X10'°^ 
1.50 
6.00 
O.HO 


01 ATOMS 
5.776X10"' 
15.07 
6.00 
0.70 


STATION 44 SURFACE 




3 

MAVELENOTH 6S6 NK 
CHI SQUARE -S.S7XI0'®' 


AHGUE (oeoi 


' IHORGN I 

POPULATIOH 7.1H'iX|0*°‘ 
HOOe DIAH 
AtPHA 

GAMMA 2.76 

L 


INOHGN a PL FRG I 
B.aeoxto*®'* 3.356X10'°' 
0.20 
6.00 

6.00 0.25 


PL FRO 2 DIATOMS 
9.633X10'°® 5,776X10' 
1.60 15.07 

6.00 6.00 

0.40 0.70 


STATIOM 44 SURFACE 






ANaE IDEOI 

WAVELENGTH 578 HH 



CHI 

SQUARE X 5.57X10'°' 




INORON 1 

INORON 8 

PL FRO 1 

PL FRO 2 DIATONS 

POPULATION 

T.l'tHXIO*®' 

2.280X10*°’* 

3.356X10'°' 

9.633X10'°® 5.7'76XI0'' 

HOOE DIAH 



0.20 

1.50 15.07 

ALPHA 



6.00 

6.00 6.00 

CAHHA 

8.76 

6.00' 

0.25 

O.HO 0.70 

L 


STATION <<>> 

SURFACE 




oi 

03 



WAVtLENCTH 436 NM 
CHI SQUARE •6.45X10*°' 


POPULATION 
HOOC OIAH 
ALPHA 
GAHHA 

L 


INORCN 1 

INORC(N a PL PRO 1 

PL PRO 2 

DIATOMS 

6.011X10*^°' 

i.esaxio*"'* a.ei4xici“°' 

9.595X10"°® 

1 .206X10*' 


o.ao 

i.so 

10.43 


6.00 

6.00 

6.00 

S.7S 

6.00 o.as 

0.40 

0.70 


SIAIIOhl •*>* DEPTH 5 HETERS 




J 




r 




' cn 


V 

0 

L 

u 

H 

E 

S 

C 

A 

1 

C 

R 

I 

N 

G 

F 

U 

N 

C 

T 

I 

0 

N 


i.oxto*o» 



WAVELENGTH 5H6 NM 


CHI SQUARE ■ 6.65X1 0'°‘ 


POPULATION 
MODE DIAH 
ALPHA 
DAKHA 

L 


INORCH I 

INORGN 2 ■ 

> PL FRO 2 

DIATOMS 

.<166X10**^^ 

1. 123X1 o’O'* 

l.tN5XI0“0^ 

3.H57X10"' 



I.SD 

16.22 



6.00 

6.00 

a. 93 

6.00 

0.50 

0.70 


STATION Mil DEPTH 21 METERS 


J 






00 

30 HO 50 60 

70 80 

1 SO 

HAVELEMCTH 57S NM 
CHI SQUARE • 1.09X10*®® 

angle lOEGJ 


INORCN 1 

trWRGN 3 PL FRO 1 

PL FRG a 

DIATOMS 

POPULATION 

I.OO'iXIO 

1.398X10*®® 3.BD3XID*®’ 

1.101X10*®“ 

B.369XIO'' 

MODE' or AH 


o.eo 

1 .50 

13.50 

ALPHA 


6.00 

6.00 

6.00 

GAMMA 

L 

3.33 

6.00 0.36 

STATION 54 SURFACE 

0.50 

0.70 



OS 

Ol 


r 


V 

0 

L 

u 

M 

C 

5 

c 

A 

T 

T 

E 

R 

1 

N 

6 

r 

u 

H 

C 

T 

I 

0 

N 



HAVfLENCTH H3S Ml 
CHI SQUARE -6,29X10 


-01 


POPULATION 
HOOe OIAH 
ALPHA 
CAHMA 

L 


IMORON 

N. 000X1 o' 


I 

♦02 


INORGN 2 


3.00 


1.815X10 


6.00 


«0<« 


PL PRO I 
6.2M2XI0*'"’ 
0.2S 
6.00 
0.36 


PL FRO 3 


t .006X10 
1.50 
6.00 
0.60 


-02 


DIATOMS 


6.669X10 

la.oo 

6.00 

0.70 


-03 


STATION 54 DEPTH t5 METERS 


J 


HAvetENOTH ^36 NH 


ANCLE (DEC) 


CH) SOJARE ■T.77XJ0"°' 



INORGN 1 

iNoncN a 

PL FRO 1 

PL FRO 2 

DIATOMS 

POPULATION 

6.£79XtO*®® 

R.essxio*'^'* 

M,6B7XI0''’* 

).L85XI0’°* 

l.NEOXIO'' 

HOOE DIAH 



o.ss 

1.60 

m.6G 

ALPHA 



6.00 

6.00 

6.00 

GAMMA 

8.sa 

6.00 

0.36 

0.50 

0.70 

L 


STATION SH 

DEPTH 25 METERS 





uiioa^KMi 


l«s: 






ea 30 <40 so go to bo ao 





ANCLE (DEC) 

WAVELENGTH 5<<6 Ml 




CHt 

SQUARE -T.T7XI0"®* 





iNOPGN 1 iNoncN a 

PL FRO 1 

PL FRO e 

01 ATOMS 

POPULATION 

6.373X10*°^ H.295XI0*°‘* 

H. 667X1 o'®’ 1 

.H85XI0'' 

I.VBgXIO" 

HOOC DIAH 


0.2S 

1.50 

m.oE 

ALPHA 


6.00 

6. 00 

6.00 

CAKHA 

3.9S B.OO 

0.36 

0.50 

0.70 

L 

STATION S** DEPTH 2S METEflS 




WAVELENOTH 570 NH 


AhiGLE (DEC) 


CHI SQUARE •7.77X10'®* 



INORGN I 

IKIORCN 3 

PL FRO 1 

PL FRO 2 

DIATOMS 

POPULATION 

6. 579X10 

H. 395X10*®'* 

9.567X10'®' 

1.965X10'®' 

1.n29X10'‘ 

NODE 01 AH 



0.35 

1 .50 

19.06 

ALPHA 



6.00 

6 00 

6.00 

CAHHA 

5.98 

6.00 

0,36 

0.50 

0.70 

L 


ST AT low 59 

DEPTH E5 METERS 





3i 


ANCLE (DEG) 


MAVELCNGTM N3B NH 
CHt SQUARE ■7.M0X1O'®' 



INOnCN 1 

INORGN 2 

PL FRG 1 PL 

FRO 2 

DIATOMS 

POPULATION 

1.377X10*°® 

1.379X10 ^ 

1.517X10’°' 1.568X10’“'* 

6. 181X10’! 

HODC 01 AH 



0.25 

1.50 

15.73 

ALPHA 



B.OO 

6.00 

6 00 

CA^t^A 

2.93 

6.00 

0.36 

0.50 

0.70 

L 


STATI0N.6N 

DEPTH NO HEIERS 




to 


r 1.05(10 





MAVELCNGTH 5M6 NM 
cm SQUARE -T.MextO"®* 



INORGH 1 

INORCN 8 

PL FRO 1 

PL FRO e 

DIATOMS 

POPULATION 

1.877X10***® 

1.379X10*°'' 

1 .517Xia-°* 

1 .560XI0"°^ 

6. 161X10'* 

MODE OIAM 



0.5S 

1.50 

16.73 

ALPHA 



6.00 

6.00 

6.00 

GAHKA 

a.sa 

6.00 

0.36 

O.SO 

0.70 


J 


S5AI10N 5H DEPTH to (CTERS 


ANCLE IDEOI 

UAVELENOTH 579 NH 
CHI SQUARE •7.H8XI0''*' 


population 
HOOE OIAH 
ALPHA 
OAKHA 

L 


INORGN 1 

iNORCN 2 

PL FRO 1 

PL FRO a 

OIATOHS 

.277X1o‘«2 

1.373X10*®** 

I. 517X1 d"®' 

l.Seaxio'®^ 

6.IBIX10" 



O.ES 

1.50 

15.73 



S.OQ 

6.90 

6.00 

2.92 

6.09 

0.36 

0.50 

0.70 


STATION 5<t DEPTH ND METERS 



-<l 

00 


r 


n 


I.X)0 


,♦55 


numm 



MISSION DATE STATION SAMP NUM TIME NUM TRIALS TUBEAPER 

c 130-3 aitssm g sureace teo'? lo aoo 

X 138-3 07/30/77 9 SURFACE 1607 10 50 


TEST VOL 
3 00 
.50 


• CONC 
I .000 
1 .000 


POPULATION 
MODE 01 AH 
I ALPHA 
'-GAMMA 


I MORON I 
l-BiiTXIO 
0 00 
0.00 
3.23 


INORGN f PL FRO J DIA50Hf._ 
l.eNSXlO ' 7.660X10 6.338X10 


0.00 

0.00 

7.00 


0 03 
S 00 
0.17 


00. 00 
6.00 
o.ao 




<1 



00 

o 


r 


1 



POPULATION 
MODL 01 AH 
■ ALPHA 
•-OAHMA 


INORCN I 
6.597X10 
0.00 
0.00 
e.oo 


15 


INORCN 
B. 159X10 
0.00 
0.00 
V.20 


PL FRO 1,, PL FRO OIA70H5 

3.000X10 M.BOEXIO 2,329X10 ^ 
1.60 9.52 


0.20 

6.00 

0.36 


6.00 

0.22 


E.OO 

0.50 


J 


sncDxcz 


r 


n 



STATION IS SURfACE 


MISSION 

DATE 

STATION 

SAHP HUM 

TIME 

NUM TRIALS 

TUBE APER 

TEST VOL 

CONC 

130-4 

09/1Q/77 

IS 

SURFACE 


10 

SOO 

S.OO 

1 .000 

X 138-4 

09/10/77 


SURFACE 


10 

SO 

.SO 

1 .000 


POPULATION 
NODE DIAK 
I ALPHA 
'-CAHMA 


INORCN 1,^ INORGN PL FfiG 1,, PL FRG DJATOHSn- 

g.msxio ' 6.953X10 6.H66XI0 " B.OMSXIO 3.S30XI0 

0,00 0.00 0.B9 1.50 IS. 00 

0.00 0.00 G.OQ 6.U0 6.00 

6.00 S.SS 0.S9 D.HCI 0 70 


00 

»-* 


J 



r n 



station 12 DEPTH I METER 



MISSION 

date 

STATION 

Sahp nuh 

TIME 

NUM TRIALS 

TUBE APEft 

TEST VOL 

CONC 

□ 

130-N 

O9/10/7T 

12 

U FT 


10 

200 

2.00 

1.000 

X 

130-N 

09/10/77 

12 

N Ft 


10 

50 

.50 

1.000 


POPULATION 

INOfiON } 
9,N13XI0 

1 MORON 2,3 
6.953X10 

PL FRO J 
6.N6BX10 " 

^ ?OE 

6.0W5XI0 

DIATOMS, 
3.230X10 ' 

MODE DIAH 

0.00 

0.00 

0.29 

1.50 

15.00 

1 ALPHA 
MiAHHA 

0.00 

0.00 

6.00 

6.00 

6.00 

6.00 

2.65 

0.29 

0.40 

0.70 



n 



MISSION 

138-H 

138 -<* 


DATE 

09/10/77 

09/18/77 


STATION 

13 

13 


SAMP NUH 

SUfirACC 

SWTFACE 


TIME 

1920 

1920 


NW TRIALS 
10 
IQ 


TUBE.APER 

200 

50 


TEST VOL 
2.00 
.90 


CONC 

1.000 

1.000 


oo 

CO 


POPULATION 
MODE DIAM . 
, ALPHA 
•-OAMnA 


INORON l,_ 
8.077X10 
0.00 
0 . 00 ' 
2.99 


INOflON 2,,^ 
3.063X10 
0.00 
0.00 
7.00 


PL ffiO I-. 
I.3I'4X10 
0 .M 7 
6.00 
0.37 


PL FRO fog 
8.339X10 
I.SI 
6.00 
O.BO 


OlATOHJg, 

0.032X10 

18.00 

e.oo 

O.BO 


J 



00 


r 


////////// 


l.KIO*'® 



STATION M3 
MISS 10',' 

SURFACE 

Date 

STATION 

SAMP NUM 

TIME 

NUM trials 

tube aper 

TEST VOL 

COMC 

138-0 

IM AUG 7B 

M3 

C'JRfACC 

aOM3 

10 

aoo 

a . 00 

1 OOQ 

ISS-9 

|M AUG 70 

M3 

SURFACE 

aoMa 

10 

70 

.50 

1.000 

138-a 

IM AUG 7B 

M3 

SURFACE 

aoMe 

10 

15 

.02 

. 100 


POPUtATICM 
M00£ 01 AM 
I AUFHA 
OAHMA 


INORON 1,, INORGN 
e.dbiSviO >4. 030X10 
0 00 0 00 

0 00 0.00 

a. 05 6 00 


PL PRO I 
1 .701X10’“^ 

o.ao 
6 00 
0.3S 


PL PRO ? 
1 .aaixio 
I 50 
Q 00 
0 MO 


DIATOMS 
5M3X10 
9.35 
6 00 
0.70 


08 


n 


j 








r 


n 



CITATION 43 DEPTH 2 METERS 



.1ISSI0M 

date: 

STAT20N 

SAUP N'JM 

T !HE 

NUM TRIALS 

TUBE APER 

TEST VOL 

COtTC 

c? 

138-8 

m AUC. 73 

^3 

6 FT 

?!80 

10 

800 

8.Q0 

1.000 

X 

I3S-8 

m AUG 78 


6 FT 

E180 

10 

70 

• GO 

1.000 

0 

!3S-6 

11 AUO 78 

43 

S FT 

E!80 

10 

IP 

.08 

. 100 


POPULAriOM 

1 MORON 
1 .4Q2Xlb 

irioRON 

3.170X10 

PU FRO 1,, 
M.3S0XI0 ” 

OIAIOMS 
9 £57X10 

MODE 01 AM 

0.00 

0.00 

0.£0 

IH.CO 

1 ALPHA 
M5AM4A 

0 00 

0.00 

6.00 

6.00 

£.77 

e.oo 

0 38 

0.70 


00 

Ol 


J 






00 


r 


n 




wmm/ 



filS510*J 

133-8 

138-B 

133 -a 


date 

15 AUO 78 
15 AUO 78 
15 AUO 78 


STAIIUrJ 

4H 

88 


SAMP NUH 
SUliTACE 
SURfACE 
SURE ACE 


TIME 

1430 

1430 

1430 


NUM 


TRIALS 
I I 
10 
10 


TU9E APER 
200 
• 70 

15 


TEST VOL 
2,00 
.50 
.01 


CONC 
I 000 
1 .000 
1 .800 


POPULATIO.M 
MODE Of AM 
I ALPHA 
'-GAMH 


I MORON 
7. |44)C10‘ 
0.00 
0.00 
2.76 


11 


I MORON 2 
E. 220X10 
0.00 
0.00 
6.0Q 


PL FRO 1 
3.356X10 
0.20 
6.00 
0,25 


9 633X10 
1.50 
6.00 
0.40 


D1AT0M| 
5.776X10 ' 

15.07 
6.00 
0.70 


J 



00 

00 


r 


imwi 



STATION OCPIH 5 NCTERS 



MISSION 

OATC 

51AII0N 

5 AMP NUM 

TIME 

NUH TRIALS 

TUBE APCR 

TEST VOL 

CONC 

q 

I3Q-0 

I 5 AUO 78 


lO FT 

m55 

10 

aoo 

2.00 

l.OOO 

X 

1 30-8 

IS ALIO 78 

Uh 

I8 FT 

1455 

10 

70 

.50 

t DOO 

0 

1 30-8 

IS AUO 78 


18 FT 

1455 

10 

IS 

.01 

.500 


POPULATION 
MODE D1AI1 



INORONI., INORGN ? 
6.0IIX10 “ I.B5SXI0 
0.00 0.00 

0.00 0.00 

e.7a 6.00 


PL FRG J 
a.BBHxio 
o.ao 
6.00 
0 25 


PL FRO ^ 
9 596XI0 
1.5S 
6.00 
O.MO 


DIATQH| 

i.aaexio 
10.N3 
6 00 
0.70 


n 


J 



00 

to 


r 





SJAT ION HS OEPfH 51 METERS 



MISSION 

DATE 

STATION 

SAMP NUM 

T IME 

NUM TRIALS 

TUBE APER 

TCST VOL 

CONC 

a 

138-8 

15 AUG 78 

m 

66 FT 

IS'iO 

10 

580 

P.OQ 

1.000 

X 

I3B-8 

I5,AU0 78 


66 FT 

IS'tO 

10 

70 

.50 

1.000 

0 

130-3 

16 AUG 78 


66 FT 

I5'l0 

10 

16 

.01 

1.000 


POPULATION 

1 MORON I ' 
1 .'.66X10 

mORGN 5 
1.153X10 

^ ins 

PL FRO 5 g 
1 mexio 

DIAIOMJ 

3.457X10 

HOOE DIAM 

0.00 

0.00 

1 .50 

1 .50 

16.55 

, ALPHA 
MJAHHA 

0.00 

0.00 

6.00 

6.00 

6.00 

5.93 

6 00 

0 50 

0.60 

0.70 


J 





to 

o 


r 



WHUM 




l!IALS 

TUBE APER 

TEST VOL 

10 

aoo 

B.OO 

10 

70 

.50 

ID 

15 

.02 


CONC 

.S50 

.550 

.100 


J 


C£> 


r 


i.xto 


I.XIO 


I.XIO 


+ 16 


iiiiiimi 



I.XIO 


I.XIO 


i .XID 


I.XIO 


1 .xio 
OlAMCTER tn I CRONS I 


I.XIO 


I.XIO" 


STATION 54 
MISSION 

SURFACE 

DATE 

STATION 

SAMP NUM 

TIME 

NUM TRIALS 

tube: apfr 

TEST VOL 

CONC 

138-:9. . 

15 NOV 7B 

64, 

SURFACE 

1715 

10 

200 

5.00 

.550 

138-9 

la. NOV 78 

54 

SUPFACC 

1715 

10 

70 

.50 

.550. 

138-9 

la NOV 70 

54 

surface 

1715 

10 

15 

,05 

.100 


INORGN 1 INORGN f _ 
POPULATION t 004X10 ‘ liESSXlO 

MODC OIAM 0.00 0.00 

I' ALPHA 0 00 0.00 

l-r.AMMA -3 S3' 6.00 


PL FRO 1, 
3.B0SX1O ' 
0.50 
6.00 
0.36 


PL FRO ? 
I .101X10 
I .50 
6 00 
0,50 


IS. 50 
6.00 
0.70 


J 



CD 

to 


n 


i.xio**® iimiiii 




STATION 

DEPTH 

16 

METERS 








MISSION 

DATE 


STATION 

SAMP NUM 

TIME 

NUM TRIALS 

TUBE APER 

TEST VOL 

CONC 

0 

13B-9 

15 NOV 

7B 

SH 

49 

1715 

10 

500 

M 00 

1 .000 

X 

120-9 

15 NOV 

7S 

S'* 

49 

1715 

10 

70 

.50 

1.000 

0 

138 9 

15 NOV 

7B 

S'* 

49 

1715 

10 

15 

05 

1 .000 


POPULATION 

inorcn I .3 
•t.oooxio 

INORON 5, 
1 .615X10 

PL FRO J 
6.5'lSXIO 

f’’- ?0G 

1.096X10 

OIATOMJ. 
6 009X10 

MODE 0(AN 

Q 00 

D.OO 

0,55 

1 .50 

le 00 

1 ALPHA 
^JAHMA 

0.00 

0,00 

C.OO 

6.00 

0.00 

3.00 

6 00 

0.36 

0.50 

0.70 


J 



r 


1 


eo 

CO 



STATION 5H DEPTH 35 METERS 



MISSION 

DATE 

STATION 

SAMP NUM 

■ TIME 

NUH TRIALS 

TUBE APER 

tCST VOL 

CONC 

o 

139-9 

13 NOV 7S 


85 

1715 

10 

' 500 

H.DO 

'.000 

X 

130-9 • 

13 NOV 78 


85 

1715 

10 ' 

70 

.50 

1.000 

0 

139-9 

13 NOV 78 


85 

1715 

10 

16 

.oa 

1 OOQ 


POPULATION 
MODE 01 AH 

I alpha ■ 

‘-OAMMA 


[NORCN I,, 
6.279X10“' 
0.00 
0.00 
e.9a 


INORGN 3,. 
N. 595X10 
0.00 
0.00 
6.00 


M 567X10 
0.55 ■ 
6. 00 
0.36 


PL FRC J 
I .H05XIO 
1 .50 
' 6.00 
o.so 


DtATOHJ 
I .M59X10 

m.66 

6.00 

0.70 


J 



OF POOR QUAunnr 


«5 

rf!> 


r 



MISCIOV 

1J8-9 

.ue-9 

13Q-9 


OAIC 
13 NOV 
13 NOV 76 


POPULATION 
MODE DIAH 
I Alpha 
l*oahna 


INORON I,. 
1.677X10*'^ 


0.00 

O.OO 

5.92 


13 NQV 70 

INQRGN 
I .379X10 ' ' 
0.00 
0.00 
6.00 


SUtlON 

5't 

5>i 


5 H 


SAMP HUM 
131 
131 
131 


•’L ^■'’5 lo9 

l.snxto 


0.55 

6.00 

0.36 


TIME 

1715 

1716 
1715 

Pt PRO J 
,563X10 ( 

I .50 
6.00 
0.50 


Nun TRIALS 
10 
10 
10 

DIA70M5„, 

. 161X10 
.15.73 
6.00 
0.70 


TUBE APER 
200 
70 
15 


TEST VOL 

H. OO 

I. 00 
.OS 


CCNC 

1.000 

1.000 

1.000 


////////// 


P o 

“n 2 

*0 O 

o 2 
p 

■C Jj. 
> Gi 
-n, 


r 


1 


I.XIO 


IS 



STATION 59 SUPFACE 


CO 


POPULAT ION 
MOOi: 01 AM 
I Al=HA 
MjAMP' 


IMORGN 1 ,. 
I.P'JOXIO '■* 
C 00 
0 .'<J 
3.30 


I.WC-N a 

9,Of9,<iO' 
o.ao 
c 00 
O’ oo 


l<( 


PL FRO 1 
3 605 X 15 


0.10 

o.no 

0.50 


PL FRO a 

e.-iGoxio 
1 so 

6.U0 

0.30 


O.ATCMS^ 
•. 9 I 3 .SI 0 
ao 00 

5.00 

0.70 


J 




<£> 

( 7 > 


r 


n 


l.XIO 


*16 


I.XtO 


*:5 


I.XIO 


I.XIO 


I.XIO 


♦ IX 


•13 


■12 


N 

U I.XIO*" 

n 

B 

£ 

R 

J.XIO*’® 


I.XIO 


♦ O'] 


I.XIO 


♦oe 


I.XIO 


♦07 


J.XIO 


♦061 








I.XIO 


TTir 


s 


s 


I.XIO 


rar 




IS 


S 


3 = 


N 






51ATICN 9 I FROJ1 UPHELLING SPECIRUM I 
MISSION OME StATION SAMP HUM 

a 1 39- 3 07/9I/77 S SURFACE 

X 1 39-3 07/2 1 /77 S SURFACE 


i.xio"^ 

DIAMETER IttlCRONSl 

TIME NUM TRIALS TUBE APER 
|4|B ID 200 

INIS 9 ' 50 


X a 




I.XlO*“‘ 


IT 


I.XIQ 


♦ 5 T 


TEST VOL 
2.00 
,50 


CONC 

I.OOO 

.600 


INOf-uiy ] 
POPULATION 5,a7&XIO 
MODE DIAH 0.00 
I ALPHA 0.00 
‘-GAMMA >t,g'l 


IR 


INOnCN 2,3 PL FRO I., PL FPG 9 , OlAIOHS„„ 
9.6MHXID S.B77XIO 2,372X10 " M.8H3X10 


0.00 
0 00 
2.75 


0.23 

6.00 

0,21 


1.37 

6.00 

0.50 


11.16 

6.00 

0,50 


J 
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UPWELLING LIGHT SPECTRA 
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• , - y\- J 

PRECEDING PAGE ^NK NOT F^l!VlED 


7* 

«r-^a 

f' 


cs 


t£> 



r> 



CHI 

SQUARE » 1 .60X10'®'* 

DEPTHSmJ tRRAD 

0.00, RAO 

TOP 0.00* 


IHORCH 1 1 MORON a 

PL FRO 1 

PL FRG 2 

DIATOMS 

GEUBSTOT 

POrULAIlnN 

e-soexio*®" 1.034X10*®^ 

I.OGOXIO*®^ 

s.eaixio’®* 

5.636X10'®' 

3 359X10*°° 

HODC 01 AH 


O.SI 

1.37 

11.16 


ALPHA 


6 00 

6.00 

6.00 


CAKMA 

M.94 B.75 

O.BI 

0.50 

0.50 


L 

TITLE- STATION 8 






Mr57 


J 



NOD NIO HSO H30 NNO N&O HEO H70 NQO >t93 SOO SIO SSO S30 9HO 550 560 570 580 590 600 610 6S0 630 6N0 650 660 670 680 690 700 




UAVELCNOTH INHI 


CHI 

SQUARE,- 3 83K 10*°'* DCPTHSIHI WRAO 

7.68, RAD 

TOP 7.68, IWINITELV DEEP SEA ASSUMED 


INORGN 1 

INOBCN 8 PU ERG 1 

PL PRO e 

DIATOMS 

CCLQSTOr 

POPU.ATION 

1 5.771X10*°^ 

1.079X10*°'* 5.688X10*°* 

8.L6tXI0*°^ 

6.687X10*°^ 

3.887X10*°' 

MODE OIAM 


1.00 

0.50 

IS. 00 


ALPHA 


6.00 

6.00 

B.OO 


GAKKA 

3.83 

7.00 D.HO 

O.MO 

0.70 


. RUN 

TITLE- STATION 9 






unoa/scM 




mKimBmSBBiiBmSiBiiSI 


<400 mo <420 <t30 M'40 <<SO <460 <t10 <480 ><90 500 SIO 520 530 540 550 560 570 590 590 600 610 620 630 640 650 660 670 660 690 700 

HAVELENGIH IWII 


CHI SQUARE •3.05X10 “ 

INOflON I INORON 8 


IBRAt) 7.68, RAD TOf> 7.68, IWINITELY DEEP SEA ASSUMED 


PL ERO I PL FPC 8 


DIATOMS 


POPULATION 6.771X10*°^ 1.079X10*°'^ 6.688Xlt>’°* 8,464X10*“^ 6.687X10"“^ 3.827X10'®‘ 


MOOe DIAM 


4A 3.83 

RUN TITLE- STATION 9 






CHI SQUARE -9.77X10”*^^ (.PtUi^ 5ytf/'*^£C) 



ir^oflCN t 

INORON S PL fro I 

PL FRG 2 

OIATOMS 

CELBSTOF 

POPULATION 


3.913X10*®^ 3.679X10*®^ 

1.676X10*“' 

2.517X10"“^ 

2.77fXI0"' 

HOOE DIAM 


0.33 

1.37 

II . li- 

0.00 

ALPHA 


6.00 

6.00 


0.00 

GAKHA 


3.00 0.21 

0 50 

0.‘70 

0.00 

L 

TITLE- STATION g 





103 



CHI 

SOUARE -9.77X10"°^ 




INORCN 1 INORON 2 

PL FRO 1 

PL TRO S 

POPULATION 

3.H'i3XI0*°** 3.913X10*®® 

3.679X10*®® 

1 .676X10*°' 

MODE 01AM 


0.23 

1.37 

ALPHA 


6.00 

6.00 

&AMMA 

4,94 3.00 

0.21 

D.60 

RUN 

TITLE- STATION 9 



L 





DIATOMS GELBSIOF 

.5I7X10'®® 2.77MXI0*®' 

I O.OQ 

0.00 
0.00 

J 



CHI SQUARE • I.32XI0'®** 

OePIHSIHI IPRAO 

INORCM 1 IKORCN 6 

PL FRO 1 

PL FRO 2 

POPULATION 2,1(16X10*°* 3.01(7X10*°® 

2.510X10*°* 

N. 719X10"°’ 

MODE DIAM 

D.I9 

1.50 

ALPHA 

6.00 

6.00 

GAMMA 2.61 6.00 

0.29 

0.30 

. RUN TITLE- STATION II 



L 




0.91, RAD TOP 0,91 , RAO BOf 3.65 
DIATOMS GCLBSTOF 

I.MSeXlO*®® 3.36SXI0‘*°° 

BO. 00 
6.00 
0.70 

. J 




SOO <410 MSO H30 H40 450 460 470 460 400 000 91 0 000 530 540 550 560 570 580 590 600 610 620 630 640 650 660 670 660 690 700 


WAVEUENOIH (MHI 


CHt 

SQUARE «'I.32XI0'°*‘ DEPTHSIH) 

IRRAD 

0.91, RAD TOP 0.91 1 RAD BOT 


INORGN 1 

1 MORON 2 PL FRO 1 

PU 

FRO 2 ' 

DIATOMS 

CELBSTOF 

POPULATION 

8.416X10*®^ 

3.047X10*®® 2.510X10*®’ 

4.719X10"®’ 

I.45BXI0*®® 

3.3B5XI0*®® 

NODE OIAH 


0.19 


1 .50 

20,00 


ALPHA 


6.00 


6.00 

6.00 


GAHHA 

2.61 

6.00 0.29 


0.30 . 

0.70 



mJN TITLE- STATIOM II 



.05 


P J.OXJO’®’ 




ft 

A 

0 

1 

A 

N 

C 

t 



t 


i.oxto 


,-09 


I .0X10"®® 


<<00 H|0 <<SO><20 ><‘<0 ><50 <<60 <<10 <<00 *<90 SCO SlO OSO 530 5H0 SSO 560 570 SCO 590 600 610 6S0 630 640 650 660 670 660 600 700 

WAVELENGTH INHJ 


- 0 << 


CHI SQUARE • I .31X10 

INORCN I INORCN Z 
♦03 


2.<<70X1D 


POPULATION 
MODE or AH 
ALPHA 

OAHHA 3.SI 6.oO 

. RUN TITLE- STATION II 


PL FRO I 
e,633.X10*®^ 7,200X10*“' 


0.19 

6.00 

0.29 


OEPTHSIHI IRRAD' 
PL FRO 2 

4.610X10'“' 

I .50 
6.00 
0.3D 


0.91. RAD TOP O.ai , INFIHITELY DEEP SEA ASSUMED 
DIATOMS GEL8ST0F 


I .565X10 
SO. 00 
6.00 
0.70 


♦ 00 


3.476X10 


♦00 


J 



CHI SQUARE -1. 31X10'®'* OEPTHSIHI IRRAD 0,91, RAO TOP 0.91', INTINlfCl-V BEEP SEA ASSUMED 

• IMORON I INOnON 2 PL FRO 1 PL FRO Z . DIATOMS CELBStOF 

POPULATION 2.470X10*®^ £.632X10*°^ 7, £00X10*®' R. 610X10'®' 1.565X10*®° 3.H7BX10*®® 

MODE D I AM 0,19 1.50 ' £0.00 

ALPHA G.OO 6.00 B.OQ 

OAHHA £:6I 6.00 0.S9 0.30 0.70 

RUN TITLE- STATION It 



CHI 

SQUARE -e.iexio'®® 

DEPTHS CHI IfiftAO 

0.91. RAD TOP 0.91 . 


INOnON 1 INORON 2 

PL fro I 

PL FRO 2 

DIATOMS 

OELeSTOP 

POPULAtlON 

3.368X10*®® 5.3M9X10*®® 

e.65>»xto*®® 

3.H69X10*®® 

1 .933X10"®* 

LOSicXtO*®® 

MOOC DIAK 


0.29 

1.51 

15.00 


ALPHA 


6.00 

G.OO 

G.OO 


OAHMA 

e.QO 2.85 

0.29 

0.>«0 

0.70 


mjN TIUC- STATION 12 






J 







CHI 

SQUARE • 1.71X10*®* DEPtHSim IRRAO 

a. 13. RAO 

TOP a,J3.BADeOT 


INORGN t INOnCN S PL FRO 1 

PL FRO a 

OIATOHS 

CELBSTOF 

population 

3.<il3XI0*®‘ 9.996X10*®® B. 723X10*®® 

I.GLRXIO*®® 

a. 379X10*®' 

a. 033X10*®® 

Moot OIAM 

0.S9 

1.91 

19.00 


ALPHA 

6.00 

6.00 

6,00 


GAKHA 

6.0D S.83 O.eO 

O.NO 

0.70 


1^ RUN TITLE- STATION 12 





J 


'♦00 HIO *120 H30 MMO 490 >»60 *)70 'lOO 490 SOO SIO 520 5 30 54 0 5S0 550 670 500 990 $00 610 620 630 640 650 650 670 660 530 700 

MAVEUNOTH IM1J 


CHI 

SQUARE • 3.52X1 0"®® DEPTHSIH' |RRAD 

2,13. RAO 

TOP 2.13, IRrlHITELY DEEP SEA ASSUMED 


INORON I 

INOROM 2 PL FRO J 

PL FRO 2 

DIATOMS 

OELOSTOf 

POPULATION 

1.835X10*®^ 

9.784X10*®® 7,101X10*®® 

2.119X10*“® 

2.30BXIO*®’ 

1.754X10*®“ 

l®0£ OIAM 


0.29 

1 .91 

19.00 ' 


ALPHA 


6.00 

6.00 

0.00 


OAHMA 

e.oo 

2.09 0.29 

0.40 

0,70 



TITU- STATIOW 12 




M 



CH( SOOARE ■ 3.53X10*°® 

INORON I INORON 5 


DCPTHSIKI (RHAO 
Pt. FRO I Pt FRO e 


PORlXAtlON 1.035X10*°^ 9.761XI0'*°2 7,ioixiO*°® 3.119X10*°° 8.380X10*°' 1.794X10*°“ 


8 13, RAD TOP 8.13, INFINIICLY DEEP SCA ASSUMED 
DIATOMS GCLBSTOF 


MOOE 01 AM 
alpha ) 

GAMMA 6.00 8.85 

RIN TITLE- STATION 18 


0.89 

e.oo 

0.89 


l.St 

6.00 

0.40 


IS. DO 
6.00 
0.70 


L 


H* 


r 


R 

A 

0 

I 

A 

N 

C 

E 



CHI SQUARE .i.i9xio’®5 j NP'A> m'i.y Peep siA ( /mIKa/ 



INORCN 1 INORGN 2 PL PRO 1 

PL PRC S 

DIATOHS 

GELBSTOF 

POPULATION 

3.9S3XI0*°® 3.063X10*®'* 3t6l'*XlQ*°® 

8.399X10'®' 

9,267X10'®^ 

7.777X10" 

NODE OIAH 

O.^T 

I.S1 

1$, i>e> 

Q.OD 

ALPHA 

6.00 

6.00 


' 0.00 

GAtttU 

2.99 7.00 0.37 

o.eo 


O.OD 


RUN TITLE- STATION 13 



«nu 

CHI SQUARE -3.I0XI0 OEPTHSmj IRRAO 0.91, RAD TOP 0.91, RAD BOT |0,97 



INORGN 1 INORCN 2 

PL FRO i 

PL FRO 5 

DIATOMS CELBSTOF 

POPULATION 

e.OBaXIO*®® H. 033X10**’’* 

1. 706X10**’® 

i.eaoxto'*” 

1.543X10“”® 7.567X10"*” 

HOOE OIAH 


0.80 

1 .50 

9.8S 

ALPHA 


6.00 

6.00 

6.00 

OAKMA 

8.85 6.QD 

0.3B 

D.RO 

0.70 


RUN mLE- STATtOM N3 ... FLOfttOA COASTAL HATERS 


Constituents as determined by Volume Scattering Function Analysis 


r 





CHI 

SOUABE »3.I0K10""‘* OEPTKSfHI IRRaD 

INORON 1 INORON £ PL FRO 1 PL FRO 5 

0.91, RAO TOP 0.91 , 

DIATOMS CELBSTOF 

POPaATICM 

2.058X10*“® 4.032X10*“'* 1.706X10*°® 

1.220X10'°' 

1.543X10"°® 7.567X10"°' 

i«oe 0IA11 

O.HO 

1.50 

9.25 

ALPHA 

6.00 

6.00 

6.00 

GAKHA 

s.es 6.00 0.39 

0.40 

0.70 


TITte** STATION M3 


FLCfllDA COASTAL MATERS 


RAO BOT 10,97 


J 


SJ1 


r i.wjo”** 


Oi 



HAVeLENBTH IN«> 


CHI 

SOUARE ■ M, 50X10“°® DLPTHSIHI 

IRRAD 


tNORGN 1 

INORGN 2 PL FRG 1 

PL 

FRG 2 

POPULATION 

l.0M2X10*°^ 

3.583X10*°'' a. 098X10*°® 

M.5M7XI0*°° 

HOOe OIAM 


0.20 


1 .50 

ALPHA 


6.00 


6.00 

OAHHA 

a.95 

6.00 0.38 


O.MO 


BUN TITLE- STATION M3 ... FLOOIOA COASTAL MATERS 


U. 9 1. RAD TOP 0.91 . HAD BOT 10.97 
DIATOMS CCLBSTOr 

I.G99X10"®' 9.663X10“°' 

B ea 
6.00 
0.70 

J 




r 


R 

A 

0 

I 

A 

H 

c 

e 



•«0t) 410 4S0 H30 4<<l> 450 460 4-70 480 480 500 5t0 520 S30 540 S50 560 570 580 590 600 6S0 680 630 640 6S0 660 670 680 690 700 


HAVCLENOTH IWl 


CHI 

SQUARE •3.07X10'°® 

DEPTHS (HI IRRAD 

0.91, RAD 

TOP 0.31 , 


INORCH 1 INORCN S 

PL FRO 1 PL FRO 2 

or AT 043 

CELBSTOF 

POPtLATION 

3.288X10*°^ 3.683X10*°'* 

2.889X10*°® 4.547X10*°° 

5.008X10'°® 

1.461X10*°° 

HOOC OIAH 


D.SO I.SO 

9.35 


ALPHA 


6.00 6.00 

6.00 


OAHMA 

2.85 6.00 

0.38 0.40 

0.70 


RU< TITLE- STATION 43 ... FLORIDA COASTAL MATERS 




-4 


«-ox>o “’I I L. J I I ! I I I 1 1 I I I I I I I I I L._]_. i ■■■!■■ I_ l_ I ■■■! .I ■ I 

MOO MIO MSO M30 MMO MSO M60 M70 MOO M90 500 51 0 500 530 5MD 550 560 570 580 590 BOO 610 6S0 630 6M0 650 660 670 680 690 700 

mVCLONQTH (riHI 


CHI SOUARE -3.07X10‘“^ DCPTHSIHI IRRAD 0.91, RAD TOP 0.91 . RAD 0OT 10.97 

IKIORON 1 INORON g PL FRO 1 PL FRO S blATOHS 6EL6ST0F 

POPULATION g.BeSXIO*®^ 3.583X10**^'* 2.689X10*®® M.5M7XID*®® 5.eBaX|0"°® l,M6)X10*®° 

HOOe OtAK 0.30 I. SO 9. as 

ALPHA 6.00 6.00 6.00 

CAKHA 8.85 6.00 0'.38 O.MO 0.70 

RUN title- STATION M3 ... FLORIDA COASTAL HATERS 


<100 <410 <430 <430 <t<«a 4*00 tea >«7o 4 bo ^gD soo aio S30 S30 bho sso qso S70 sao soo eao eio eso 63o bnd esa eea 67o eeo S90 7oo 

HAVELENGTH INH) 

CHI SQUARE • 1.14X10"®® CEPTHStHI IRRAO 3.65, RAO TOP 3.65, RAD BOT 10.97 

[NORCH I INORON 2 PI. FRO I PL FRO 5 DIATOMS OELBSTOF 

POPULATION 3.097X10*®^ 3.729X10*®"* 3,716X10*®® 5.934X10*“® 8.938XI0"®^ 1,724X10*®“ 

Moot OtAH 0.20 1.50 9.25 

alpha 6.00 6.00 6.00 

OAHHA 2.BS 6.00 0.36 O.HO 0.70 

BUN TITLE- STATION <*3 ... FLORIDA COASTAL HATERS , 




to 

o 







I. 0X10 




t.OXIQ 


r06 


>i00 mo sao **30 HHO HSO «B0 H70 moo XSO 500 510 KO 530 6HO BSO 660 870 580 590 eoo'olo MO 630'6H0 63d 660 870 68B 6B0 700 

HAVELENOTH INMI 


CHI SOUARE • 3.65X10'®® OEPTHSIMl fRHAD 0.91. RAO T(5P 0.91, RAO BOT 3.65 



INORCN 1 

INORCN 2 

tt. FRO 1 

PL FRO a 

DIAT0H5 

OE18STOF 

POPUATION 
KOOE 01 AH 
ALI>HA 

3.029X10*®® 3.616X10*®“* 

1.082X10*®^ 

0.20 

6.00 

8.316X10*®“ 

1.50 

5.00 

1.980X10'®® 

9.as 

6,00 

I.7MIXIO*®® 

OAMHA 

2.65 

6.00 

0.30 

O.SO 

0.70 



RON TITLE- STATION H3 ... FLORIDA COASTAL WATERS 


J 



MAVELENOTH INHI 


CHI 

SQUARE -M.SkXIO*®® 

DEPTHSIHI IRRAD 

0.91. RAD 

TOP 0.91 . INFINITELY DEEP SEA ASSUMED 


INORCN 1 

INORCN S 

PL FRO 1 PL FRO a 

DIATOMS 

GELD5T0F 

POPUUATIOH 

3.063X10*°^ 

3.630X10*°’* 

1.963X10*°^ 5,530X10*°° 

S,97lXto“°^ 

1 .715X10*°° 

HOO£ DtAH 



0.30 1,50 

20.73 


ALPHA 



6.00 6.00 

6.00 


OAKHA 

S.BS 

6.00 

0.38 0.40 

0.70 


, RtJN TITLE- STATION «*3 ... FLORIDA COASTAL HATERS 





Cd 



CHt SOUARE^■^JB^I)C^O■®® 
INOflCW il 


(, .. 


'iNonctj's ■ 

.. i ! ! ' 

POPULATfON 3.063xio*®^^.620Xio*®'* 

MODE DIAH 
ALPHA 

GAMMA a.ffii'- 6. bo* • ' 

M ^ . . 

RONf'TtTL^j STATION 43 ... FLOniOA COASTAL MATERS 


‘ DEPTKSIHl; IBRAD 

0.9I| RAD 

TOP ' 0^91 

PL ERG r 

' 1 

-PL FRO e 

4 i 

DIApHS ' 

- CEL8ST0F' 

1 '.963X10'*°® 

^5WlO*““ 

S. 971X1 0'P 

T.7‘l5X19'*° 

"0.20.^ 

r.5o 

. £0.73. 


,6.00'' 

iG.qo • 

, 6.00 .. 


*• 0;3B * - 

• ; o-.H'o -t 

!. 0;70| 



0^91 INFINITELr, DEEP SEA /sSUMEO - 



CHt SQU/iRE-i** . 16 X 10 "®'*’ 


’®'*’ 0£PtHS(Mt imAoi fliouiRA^TOfi , ^AO MT [ I5(2*t 

!W«GN-a ' PllFROll kfftOa rVlATOHS^ ^LBSW 


popoLATiow ?.eaexio”; 3.336x10 r 1 

MODE OIAH ‘'O.ao’'' 

/UJ>HA J,,,.’. . \ 

OAHU * -'B .00....’ — ,i.’-o.^ea 

BUM TnLE3“St*T'^ '*'* MEXICO . 


B.BBBXIO 


3.336X10' 

‘■'o.ao 


;Pl. (-ftC a . DIATOMS ' 

I I * ’ 

9 . 633 xror®®'tB. 7 ; 76 X'lV°? 


' f -OK- 

1 , 931 x 10 r 


?B.oo.... ‘ — ^~o 'as J^,4- «.o.iC4j„ . ,o..70 , 


Constituents as determined by Volume Scattering Function Analysts 




M 

ta 








ft 



t.OXJO**^ 


NOD •< 10 Meo H30 4H0 MSO <«B0 470 480 490 SDO 910 930 530 540 550 560 970 580 590 600 610 580 630 640 650 660 670 680 690 700 

HAVEt-ENGTH INHJ 


CHI SQUARE •4,76X10'®'* 

DEPTHS(M) 

IRRAO 

0.31, RAO 

TOP 0.91. 

INOROH 1 

INORGN 2 

PL FRO 1 

PL 

FRO e 

DIATOMS 

OELBSTOF 

POPULATION 7,144X10*®’ 

8.233X10*®'* 

3.356X10'®’ 

9.633X10*®^ 

5.776X10'®^ 

1.S34XI0"®’ 

MOPE 01AM 


0.30 


1.50 

15.07 


ALPHA 


6.00 


6.00 

6.00 


OAHHA e.7B 

6.00 

0.35 


0,40 

0.70 


. RUM TITLE- STATION 44 GULF OF MEXICO 






J 




88888 88S8888888 88S88888S88888S 

8BBB888HBriHI 


MOO H 10 M20 M3D NHO N50 <«60 M70 M0O H90 BOO 510 KO 530 BHO 6S0 560 670 5B0 590 600 810 660 630 640 650 660 670 680 690 70 

UAVE1.6NCTH (HHI 


CHI SQUARE -e.mxio 

INORGN I INORGN Z 


DEPTHSIHI IRRAD 0.91. RAO TOP 0.91 , RAO BOT 16. 6H 


PL FRO 1 


PL FRO 2 


DIATOMS 


OELBSTOf 


POPULATION N.maxio*®® S.eSIXIQ"*®^ B.070XIO*°® B.'t6EXia*°‘f 3.759X10'°^ 5.632X10" 


HOOE OIAK 
ALPHA 
GAWA 


RUN TITLE- STATION NN ... GULF MEXICO 



■«0D mo Mao M30 MMO M5D M60 M'7D MBQ MOO SOO SI 0 SaO 530 SMO SSD 5S0 570 500 590 600 61 0 630 630 6M0 650 E60 670 680 630 700 

WAVELENGTH INHJ 


CHJ SQUARE •a.MJXIO"®® DEPTHSIMI IRRAD 0.91, RAO TCP 0.91, RAO BOT 15, EM 

INORON 1 INORCN 3 PL FRO I PL FRO 3 DIATOMS OELBSTOF 

POPULATION M.maXIO*“® 3.3B1XI0*®'* S.OTOXIO*^® 5.M62XI0*°“ 3.759X10’”® 5.633XI0‘”‘ 

NODE 01 AM 0.30 1.50 15.07 

ALPHA 6.00 6.00 6.00 

DAMMA e,76 6.00 0.85 O.MO 0.70 

RON TITLE- STATION MM ... GULF OF MEXICO 



r 


R 

A 

D 

I 

A 

N 

C 

t 



bO 


CHI SQUARE -E.NSXIO 

INORCN I INORCN B 

POPIA-ATIOM 3.B6IXIO 

MODE OIAM 
ALPHA 

GAMMA B.76 6.0D 

RUN TITLE- STATION HR . 


DEPTHSIMI IRRAD 
PL FRO 1 PL FRO S 

B, 073X10*®® S.^BSXIO*®® 
0.20 1.50 

6.00 6.00 

0.26 O.LO 

. CU.F OF MEXICO 


0,91, RAD TOP 0.91 . RAO BOT 
DIATOMS GELSSTOF 

3.7S9X10‘°® 5.633X10"®’ 

15.07 

G.OO 

0.70 


♦ 01 


It. 27 


J 


L 



CHI SQUARE -6.a7XI0‘®® 

IHORGM I INORCH Z 


DEPTHStHl IRRAO 
PL FRO I PL FRG 2 


0.91, RAO TOP 0.91 , RAO BOT 
0IA70KS - CELBSTOf 


POPULATION 3.002X10*“® 3.261X10*°’* 0.047X10*°® 2.709X10*°° 9.759X10'°^ 


MODE DIAH 



0.20 

i.so 

13.07 

ALPHA 



6.00 

6.00 

6.00 

OAMHA 

a.76 

6.00 

0.2S 

0,40 

0.70 

RUN TITLE- 

STATION 4H... 

OULF Of nexico 




0.190X10"°^ 


3.60 


J 





^00 mo >*£0 <t30 MHO HSO HBO HIO H80 HSO 500 510 SSO S30 OHO 530 EOO 570 OSO 590 600 610 680 630 6H0 650 660 670 660 690 700 

HAVELENOTH <NH) 


CHJ SQUARE -H, 53X10 

INORCN i ' INOflCN 8 


POPULATION 
HOOe DIAH 


DEPTHSIMl IRRAO 
PL FRO I PL FRO a 


B.BHHxio**'^ a-ssexio*®** 


I.HH6XI0 

0.80 

8.00 

0.85 


H.HOOXID 

1.50 

6.00 

O.HO 


RUN TITLE- STATION NH ... OULF OF HEXICO 


7.68, RAO TOP 7,68, RAO 60T 11.87 

01 ATOMS CELBSTOf 


1.098X10 

15.07 

6.00 

0.70 


B.656X10 





HBaffiBiiyilili "HI 


!a558igiiiMiiiillMil 


■llllElBlSiSInEb 


H o T h I O HM 430 MNO NSB"m6oV4 d HBO >>90 9Q0 slo BSQ Wo'gCrWO 560 570 888 890 600 610 620 630 &*0 650 MO 670 660 690 108 

HAVEUENGTH (NMl 

CHI SQUARE -3.02X10-°'^ D£PTHSm> IRRAD 11.27. RAO TOP 11.27. RAD BOT 1S.2R 

INORCN 1 INORSN 2 Pt FRO 1 P*- FRO 2 OIATOHS CELBSTOf 

PW-OLATIOM 6.922X10"‘>‘ 2.839X10*'^ 1.221X10*°^ M-MOOXIO’"^ 6.3H2XI0-<>' 

Hooeoi/ui 

AUW 6.00 6.00 6.00 

GAWU 2.76 6.00 0.25 0.’<0 0-70 

RUN TITU- STATION tT ... OO.F Of MEXICO _j 






M 

W 

en 


CHI SQUARE "aloaxio"®® DtPTHSCHl JRRAQ 0.91, RAD TOP 0.91 , IMFINITELY DEEP SEA ASSUMED 



INORCN 1 INORON 2 Pt FRO 1 

PL FRO B 

DIATOMS 

OEL0STOF 

POPUUTION 

1.039X10*®^ 3.201X10*®** <1.277X10*®® 

H.WOXto'"®® 

5,235X10'®^ 

6.195X10"' 

HOOC OIAH 

0.20 

1.50 

15.07 


Atm 

6.00 

6.00 

6.00 


OAMHA 

2.75 5.00 0.2S 

0.40 

0.70 


. RUN TITLE- STATION NH ... CULT OF MEXICO 





J 


APPENDIX D 

DIFFUSE ATTENUATION COEFFICIENT 


"RECEDING PAGE 


SlANK mot 


137 



PrIgEDiNG' page Bi^aiK NOT FjLMED 



09 

CO 


CMl 

SQUARE " I.eOXIO"”’' 

DEPTHSim IRRAD 


INORUN 1 INORGN S 

PL FRG 1 

PL FR6 8 

POPULAT ION 

6.988X10*®'' I.03W1Q*®* 

1 .060X10*°^ 

3.681X10*®' 

KOCf, DIAK 


0.83 

1 .37 

ALPHA 


6.00 

6.00 

OAMHA 

'1.9^ 8.75 

0.81 

0.5D 

, RUN 

TITLE- STATION S 




0,00, RAD TOP 0.00, RAO DOT '*.57 
DIATOMS OELOSTOr 

.636X10'*" 1.2S9XJ0*®*’ 

11.16 

6.00 

0.50 

J 



o 


A 

T 

T 

Z 

H 

C 

0 

E 

F 

F 



CHt SQUARE ‘6 27XI0"°‘* 

INOHON 1 INORGH E 

POPULATION 3, 1<<0X10*°^ 

MODE DIAH 
ALPHA 

GAMMA 5.00 3.09 

RUN TITLE- STATION 8 SURFACE 


L 


DEPTHS (Ml IFiRAD 

PL FRO 1 PL FfiC 5 

2.891X10*°^ t.LStXIO'®' 


0.B3 

6.00 

0.31 


1.37 

E.OO 

13.33 


0.00, RAD TOP 0.00, RAD GOT 
DIATOMS 0ELB5T0F 

■03 , ,.a3„in+0l> 


3.04 


I .359X10 
33 00 
6.00 
0,70 


1.423X10 


J 


l.OXiO 






WAVELENGTH CNMI 


CHI 

S<WARE • e,H|X|0'°® 

DEPTHS tHI 

IRRAO 

0.9U RAO 

TOP 0.91 , RAO EOT IS. 2V 


INORON 1 INOfiON S 

PL rno 1 

PL 

PRO 2 

DIATOMS 

GELSSTOf 

POPULATION 

'♦.'♦nxio*®® 3.E61X10**’’* 

6.073X10*°^ 

5,MB5XI0*®° 

3.739X10'°^ 

5. 632X10"®' 

KOOE OIAH 


o.eo 


1,50 

15.07 


ALPHA 


6.00. 


6.00 

E.OO 


OAHHA 

■ a.76 6.00 

D.E3 


p.fO 

0.70 


PUN TITLE- STATION ‘iH 













r 


A 
T 
, T 
E 
N 

C 

O 

E 

F 

F 



CHI 

SQUARE •9.06X10'“^ 

DEPTHS nil 

IRRAO 

7.31, RAO TOP 7,31, 


INORON 1 INORGN 2 

PL FRG t PL 

FRG 2 

DIATOMS 

GEL05TOF 

POPULATION 

3.634X10'*®^ a.esixio*®'* 

).aSIX10*“* 6.135X10*°° 

1.366X10'°' 

1 .697X10*°° 

KOOC DIAH 


o.ao 

I.SO 

9. as 


ALPHA 


G.OO 

6.00 

6.00 


OAHHA 

a,B5 B.OO 

0.3B 

0.40 

0.70 


RUN 

TITLE- STAtlOM H3 






J 






r 


A 

T 

T 

E 

K 

C 

0 

E 

F 

F 



CHI 

SQUARE -3.63X10"®® 

DEPTHStMl IRRAO 

0.91. RAO 

TOP 0.91. HAD 80T 


IKiORCN I 

INORCN a 

PL FRG 1 

PL FRO 2 

DIATOMS 

OELBSTOF 

FWW.ATION 

J.dSVXIO*®-’ 

3.520X10*°'* 

1.787X10*°® 

6.739X10*°° 

1 .716X10"°' 

3.060X10"°' 

HOOE OlAH 



0.20 

1.50 

9.26 


ALPHA 



6.00 

6.00 

6 00 


CAW1A 

e.85 

6.00 

0.38 

O.NO 

0.70 



RUN TI1LE- STAT'0«-N3 





CHI 

SQUARE •'5.71X10*”® 

oepthscmj 

IRRAD 

0.91, RAD 

TOP 0.91 . RAD DOT 10.97 


INORCN 1 

INORGN 2 

PL FRO 1 

PL 

FRO a 

DIAIOMS 

CELBSTOF 

POPULATION 

1.202X10*”^ 

3.651X10*”'* 

3,'i5MX10*”^ 

B.B3IXI0*”” 

1.569X10*®' 

8.653X107®' 

nODC DIAH 



O.EO 


1,50 

9.25 


ALPHA 



f.OO 


6.00 

6.0Q 


GAHHA 

2.SS 

e.oo 

0.30 


Q.MO 

0.70 


^ BUN title- station MS 








CHI 

-nu 

SQUARE -3.30X10 

depths IM> 

IRRAO 

0.91, PAD 

TOP 0.9t, 


INORGN r INORGN 2 

PL FRG ( PL 

FRG 2 

DtATOHS 

CEL0STOF 

POPULATION 

2.063X10*®^ H.osaxiD*®'* 

1.711X10*'’^ 1. 220X1 q'®' 


7.567X10"°* 

HOOC DIAH 


0.20 

1 .60 

g.25 


ALPHA 


6.00 

6.00 

G.OO 


GAWA 

2.85 6.00 

0.38 

O.NO 

0.70 



BUN TITLE- STATION N3 I0ASED ON V5F FIT RESULTS) 


)N 


oo 


r" i.oxio 


A 

T 

T 

t 

N 

C 

0 

c 

F 

r 


HAVELENGIM INMI 



CHJ SflUARE 

DEPTHS (HI 

IRRAO 

0.91, RAD 

TOP 0.91 , 

INORCN I INORCN a 

PL FRO 1 

PL 

FRO 2 

.DIATOMS 

CELBSTOF 

POPaATION 3.277X10*°^ 1.630X10*°'* 

2.922X10*°^ 

2.0B3XtD*“‘ 

1. 941X10"°^ 

1,130X10*“° 

MODE DIAM 

0.M7 


1 .51 

16. DO' 


ALPHA 

6.00 


6.00 

6.00 


GAMMA 2.99 7.00 

0.37 


0.80 

0.00 


, RUN TITLE- STATION 13 







IH.93 


J 


UMOB/SC'f 


l£s=ssBsnillll|ssissliiiiH 

{■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

iiilllllUllll I 

IPHiBnill!!!!!!! 

SSBIS! 

mmmn 

■■HHinRWIHHH 

__ !B! 

r 


HIO^SO 430 H 40 460 460 H 7 Q 480 490 900 910 920 930 

WAVELENGTH (NMI 




CHI SOUARE • 1 , 69 X 10 WPTHSIHI IRRAO 

INORON 1 ■ ' INORGN 2 PL FRO 1 PL FRO 2 


POPULATION 1 . 34 BX 10 *®' 9 . 598 Xlo’°® 6 .^^ 3 X 10 *°^ 
HODE 01 AH 0.29 ' 

ALPHA 6,00 

CAHHA 6 . 00 ’ 2.85 0.29 

. HUN TITLE- STATION 12 


1.638X10 

1.51 


2 . 13 , RAO TOP 2 . 13 , RAO BOT M .26 
01 ATOMS CELOSTOF 

2 . 3 T 8 XI 0 '*'' 2 . 033 X 10 *®° 



CJ1 

o 



CHI SQUAfiE "2. 17X10"®® 

ir«}RCN 1 iNoncN e 


DEPTHS IH I IRRAO 
PU FRO I PL FRO £ 


POPULATION 

1.356X10*®® 

5.419X10*®® 

B.7SIXI0*®® 

MODE OIAH 



0.c9 

alpha 



6.00 

GAMMA . 

6.00 

a.95 

0.29 


nuN TITLE- STATION IS 


S-STSlflO*®® 
1. 51 
6.00 
0.40 


0.91, RAD TOP 0,91 , RAD 60T 
DIATOMS GELBStOF 


1.940X10"®' 1.071X10*"® 
15. OD 
■ 6.00 
0.70 


e.i3 


J 



cn 


CHI SQUAflE » ^.30X10'“^ 

INORCH I INORGN S 


OEPTHSim IRRAD 0.91. RAO TOP 0,91 . RAO BOT 
PL FRG I PL FRO S DIATOMS OELQSTOF 


POPOLATION 1.0I*»XI0*°^ 6.330X10*®^ 
ttOOE OIAII 

alpha 

CAHMA G.OO e.99 

RUN TITLE- STATION 18 


9.417X10*®® 

0.39 

S.OD 

0.39 


4.399XIQ*®® •3.D4DX10'®* 
l.Sl IS. 00 

E.OO S.OO 

O.HO 0.70 


I. 043X10*®® 


3. 13 


L 


J 


1 -^ 

cn 


r 


A 

I 

T 

C 

N 

C 

0 

e 

F 

F 



CHI 

SQUARE ‘B.SRXIO'®^ 

DSPTHSmi IRRAO 

0.00, RAD 

TOP 0.00 . RAD BOT 3. OR 


INORGN 1 iNORGN a 

PL FRO 1 

PL FRO a 

DIATOMS 

CEL0STOF 

POPULATION 

S.ORGXIO*'’^ s.msxio*®^ 

S.GmxiD*®^ 


a.soaxio"®' 

a.BOSXIO*®® 

HOOE OlAH 


0.23 

'l.37 

23.00 


ALPHA 


6.00 

6.00 

G.OO 


GAMMA 

5.0D 3.09 

o.ai 

ia.?3 

0.70 


RUN 

TITLE- STATION B SURFACE 





L 







J 


APPENDIX E 

PARTICLE SIZE DISTRIBUTION 
PREDICTED FROM SPECTRAL ANALYSIS 


153 



PREC^IHQ PAGE BLANK NOT 


/ 


r 


n 



STATiON 9 ( rfiOI-l UPHEU.1NG SPECTRUM 1 


MISSION 

OA!E 

STAIICH 

SAMP NUM 

TIME 

NUM TRIALS 

TUBE APER 

TEST VOL 

CONC 

139-3 

07/22/77 

9 

SURFACE 

1607 

10 

200 

2.00 

I .000 

133-3 

07/22/77 

9 

■ surface 

1607 

10 

. 50 

.50 

1.000 


H* 

oi 

cn 


POPULAT I ON 
MOOE 0!AM 
, ALPHA 
'-OAf'.MA 


INORCN I , 
S.^VIXIO 
0.00 
0.00 
3 as 


tNORGN ? 
1,079X10 ' * 
0.00 
0.00 
7.00 


Pt PRO Jgg 
9.628X10 
1 .00 
6.00 
0 40 


PL FRO 2 
2.464X10 


12 


0 50 
6.00 
0,40 


15.00 

6.00 

0,70 


J 


OI 

05 


r 


t.xio**® ////////// 



POPULATION 
HOOC DIAM 
I ALPHA 
MjAMMA 


INORGN I INORGN PL PRO l- v 

.3 4‘i3'aO 3 913X10 3.679X10 *'• 

0.00 0 00 0.93 

0.00 0 OO 6.00 

H.9H 3 00 • 021 


PL FRO 2 
1 .676X10 ■ 
r.37 
6.00 
0 50 


1 1 


OlATOMf 
2.517X10 
11.16 
6. ,00 
0.50 




r 


“) 



MISSION OATE 

O 138-H 09>' 10/77 

X ’13B*M 09/10/77 


SIAI ION SAMP NUM 

1 1 SURFACE 

1 1 SURFACE 


IIHE HUH IRIALS' TUBE APER TEST VOL CONC 
1549 10 eoo e.oo .soo 
1549 10 60 .50 .200 


M 

U1 


POPULATION 

INORGN 1,, 
e. 470X10 '■* 

IHOaON 2,5 
2.632X10 

PL FRO 1 
7.200X10 

PL FRO ? 
4,010X10 

DIATOMS 
1 .566X10 

MODE DIAH 

0.00 

,0.00 

' 0 19 

1 .50 

20.00 

1 ALPHA 
^3AHMA 

0.00 

0.00 

e.oo 

6.00 

6.00 

2.61 

6.00 

0.29 

0.30 

0,70 




MISSION 

DATE 

STATION 

5AHP NUM 

TIME 

NUH TRIALS 

TUBE APER 

TEST VOL 

CONC 

0 130-4 

09/ 10/ "77 

la 

SURFACE 


10 

£00 

£.0O 

1.000 

K 130-4 

09/10/77 

la 

surface 


ID 

SO 

,50 

I.ODO 


tNOftOM INORGN PL Tfifi I 
POPULAriON 3.3GBX10 $.3'iOX(0 8.65HXI0 
MODE OUH O.DO 0.00 0.P9 
I ALPHA O.DO 0.00 E.OO 
‘-6AHHA 6.00 2.B5 0,£9 


12 


PL PRO 
3.^6BX10 
l.5( 
6.00 
O.tO 


OlATOMf 

.933X10’“^ 

15.00 

6.00 
0.10 


J 



r n 


iwiniii 




MISSION 

DATE ■' 

STATION 

SAMP NVH 

TIME 

HUM TRIALS 

TUBE AP£R 

TEST VOt 

CONC 

a 

IM-4 

09/16/77 

13 

SURFACE 

1920 

to 

200 

2.00 

1 .000 

X 

I3a-^ 

09/16/77 

13 

SURFACE 

1920 

10 

60 

.50 

1.000 



POPULAT ION 

INORGN 1,. 
S.SHSXIO 

INORGN 

3.063X10 

PL FRG i PL FRG J 

3.61HXI0 B.$99X10 

DIATOMS, 
9.267X10 ' 


MOOE OIAH 

0.00 

0.00 

0.H7 

1 .51 

IS.OO 

cn 

1 ALPHA 
•-SAMMA 

0.00 

0.00 

6.00 

6.00 

5.00 


S.S9 

7.00 

0.37 

O.SQ 

Q.eo 



o 


r 


"1 


i.xio**^ • nmnm 




STATION 43 

{ FROM 

UPWELLINO SPECTRUM 

1 DEPTH 


MISSION 

DATE 


STATION 

SAMP NUM 

□ 

139-6 

14 AUO 

7B 

43 

6 FT 

X 

138-0 

14 AUO 

78 

•43 

6 FT 

0 

138-8 

14 AUO 

78 

43 

6 FT 


S HETERS 


TIME 

NUH TRIALS 

TUBE APER 

TEST VOL 

CONC 

2120 

10 

200 

2.00 

1 .000 

2120 

10 

70 

.50 

1.000 

2120 

10 

15 

02 

. 100 


iNORGN I 
POPULATION 3.0S9X10 
MODE OIAN 0.00 
I alpha 0.00 
^AMMA a. 85 


INORGN S 
3,616X10 
0 00 
0.00 
6.00 


IR 


PL FRO I 
1 .9aaxio 
0.20 
6,00 
0.33 


PL FRC 2 
S. 316X10 
1 ,50 
6.00 
0,40 


10 


DIAI0MS„ 
9BQX10 
9 25 
6.00 
0,70 


J 






r 



»-»■ 

Oi 

ISS 



SIATION 43 
MISSION 
0 139-8 

X 138-9 
0 I 30 -8 

mORON 

POPULATIOH 3.063X10 
MODE 01 AM 0 00 

U AIPHA 0.00 

OAMMA ?.8S 


( FROM UPHCLLING SPECIRUH > INriNITCLY OCFP, 


OAte 
IN AUO 78 
19 AUG 70 
19 AUG 70 

IHORGN 


STATION 
93 
93 
93 


13 


3.600X10 
0 00 
0 00 
' 6.00 


SAMP NUM 
SURFACE 
SURFACE 
SURFACE 


19 


PL FRO I 
1 .963X10“= 
0.£0 
6.00 
0,3B 


TIME 
8090 
8098 
8098 

f ’'- ?in 
5.530X10 

I 50 
6.00 
0.90 


UNIFORM 

NUM 


TRIACS 

Tuec AP£R 

TESr'VOL 

CO.NC 

10 

800 

8.00 

1.000 

10 

70 

.50 

1.000 

10 

IS 

08 

. 100 


DIATOMJ 

.971X10 

80.73 

6,00 

0.70 


,J 



r 


<T> 

CO 


n 



STATION «(>( DEPTH ? MEIERS ( FROM UPWELL INS SPECTRUM I 



MISSION 

DATE 

station 

SAK° NUtt 

TIME 

NUH IRIALS 

TUBE APER 

TEST VOL 

CONC 

a 

138-e 

J5 AUG .70 


SURFACE 


1 i 

£00 

2.00 

1 .000 

X 

139-0 

15 AUG 70 


SURFACE 

IM30 

ID 

70 

.50 

1 .000 

0 

138-e 

15 AUG 70 


SURFACE 

1^30 

)0 

15 

.01 

1 000 


POPULATION 
MODE 01 AH 
I ALPHA 
^jAHHA 


INORGN 
3,ooexio 
0.00 
0 DO 
2^06 


INORGN I 
3.261X10 

o.oc 

0.00 

6.00 


14 


• ,DL FRO I 
8 OM7X10 
o.ao 


18 


6.00 

0.25 


PL FRO 2 
8.703X10 
I .50 


10 


6.00 

0.10 


OIATOMJ 

9.759X10 

15.07 

6.00 

0.70 


J 



05 


r 


////////// 


N 

U 

M 

S 

F 

R 


n 


I.XIO 


+ 16 



STATION 4H DtPTH 5 MCTCRS ( FROM UPWLLUNO SPECTRUM I 



MISSION 

DATE 

STAIJON 

SAMP NUM 

TIME 

WM TRIALS 

0 

I3S-0 

15 AUO 70 


ie FT 

1455 

10 

X 

13B-H 

IS AUS 78 

44 

18 FT 

1455 

10 

0 

13P-0 

15 »UG 78 

44 

le FT 

1455 

10 


POPULATION 
MODE 01 AH 
I ALPHA 
L-CAHMA 


INOPGN 
p.sTjyio 
0 00 
0 00 
8.76 


iWPCM ? 
3.205X10 ' 
0.00 
0.00 
6.00 


PL rpo 

8.167X10 
0.80 
6 00 
0,85 


PL FRC ? DIATOHJ 
2.5')7X10 * 8 405X10 

1.50 15.07 

6.00 6 00 

0.40 0.70 


TUBE APER 
800 
70 
15 


TEST VOL 
8 00 
.50 
01 


CONC 

1.000 

1.000 

.800 


J 



r 


n 


M 

05 


H 

U 

M 

B 

E 

R 

/ 

H 



STATION MM DEPTH 10 METERS ( FROM UPWCLLING SPECTRUM > 


MISSION 

DATE STAI ION 

SAMP MUM 

TIME 

NUM 

TRIALS 

TUBE APER 

TEST VOL 

CONC 

0 

138-8 

IS Auo le 

MH 

31 FT 

i5n 


10 

aoQ 

2 00 

] .000 

X 

138-8 

‘ 15 AUO 78 

MM 

31 FT 

IS1 1 


10 

70 

,50 

1 .000 

0 

13B-8 

16 AUC 79 

MM 

31 n 

15] 1 


10 

15 

.02 

.200 

POPULATION 

IHOPCN 1., INORON ? 
2 e 539X10 

PL FRO 1 , , PL FRG 3.„ 
I.NSGXIO’’'^ 4.HOOX10 “ 1 

DIATOMJ 

.039X10 




MODE 0!AM 


O.CO 0.00 


0 ?0 

1 .50 

t5.07 





t ALPHA 
^AMHA 


0 . DO 0 00 


6 00 

6.00 

6.00 






a 76 ■ 6.00 


0 as 

D.RO 

0 70 






J 








OJ 

a> 


r 


iimiwi 


~\ 


i.xio 


♦ 15 



STATION 

DEPTH le MCTERa ( TROM 

UPHELLING 

SPEC I RUM 1 




MISSION 

DATE STATION 

SAMP NUM 

TIME 

NUM TRIALS 

TUBE APER 

TEST va 

0 139-e 

15 AUG 70 

Hi FT 

1507 

10 

500 

5 00 

X 138-P 

15 AUG 78 

FT 

1557 

10 

70 

.50 


CONC 
l.ODO 
1 .000 


POPULATION 
MODt 01 AM 
1 ALPHA 
*-CAHMA 
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